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ABSTRACT 
A computer code is described that quickly maximizes the payload of a multistage 
launch vehicle. Calculus of variations techniques are used to optimize the trajectory and 
propellant loadings (optional) of one to six stages. The flow rate and vacuum thrust of 
each stage are constant. The jettison weight is a linear function of the propellant loading. 
The complter time is greatly reduced by minimizing the integration of atmospheric 
(booster) portions of the trajectory. A table of booster burnout conditions is formed 
from a limited number of boost trajectories. The table is used in conjunction with an 
interpolation scheme to obtain initial conditions for the vacuum portion of the trajectory. 
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A TRAJECTORY CODE FOR MAXIMIZING THE PAYLOAD 
OF MULTISTAGE LAUNCH VEHICLES 
by Omer F. Spurlock and Fred Teren 
Lewis Research Center 
SUMMARY 
The computer code described in this report quickly optimizes the trajectory in order 
to maximize the payload of a multistage launch vehicle where the propellant loading of 
one or more of the stages has not been fixed. The flow rate and vacuum thrust of each of 
a maximum of six stages are constant. The jettison weight for each stage is a linear 
function of the propellant weight of the stage. The steering profile and the optimum stage 
size criteria are determined by a calculus of variations solution. The program will opti- 
mize trajectories for several types of final conditions. The program is coded in 
FORTRAN IV and is currently running on a direct couple system (IBM 7094-II/7044). 
INTRODUCTION ~ 
The problem of maximizing the payload of a multistage launch vehicle is difficult 
when the stage sizes as well as the trajectory must be optimized. In reality, the thrusts, 
flow rates, hardware weights, and steering profile are complicated functions of many 
variables. Maximizing the payload of a vehicle by using a mathematical model that in- 
corporates such functions would be a formidable and time-consuming task. However, the 
complicated model may usually be replaced by a much simpler one (as is done in this 
code) without greatly affecting the significance of the results. In fact, for new vehicles, 
the vehicle characteristics are not known in enough detail to allow use of a complicated 
model. 
capability of launch vehicles in preliminary mission studies. 
trajectory and propellant loadings of a launch vehicle with a maximum of six stages. 
Fixed or  optimized coast phases are permitted by treating them as stages. The mathe- 
matical model assumed for the analysis used by the program has many simplifications. 
A code was developed in response to the need for quick maximization of the payload 
The code will optimize the 
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The vacuum thrust and flow rate of each stage are constant, and the hardware weights 
are linear functions of the stage propellant loadings. The trajectories are planar with 
the atmospheric portion being integrated in three dimensions and later or upper stages 
being integrated in two. The booster stage is that portion of the trajectory which is in 
the atmosphere and is constrained by aerodynamic loads and heating to a near-zero angle- 
of -attack trajectory (explained in the BOOSTER section). The upper-stage steering pro- 
file? as well as optimum staging criteria, is determined by a calculus of variations 
analysis. This analysis is described in reference 1. 
In order to avoid confusion, a distinction is made a t  this point between stages of a 
vehicle and what shall be called the phases of a trajectory. The term stage shall refer 
to the actual hardware divisions of a vehicle, and phase shall be used to designate the 
parts of a trajectory. It should be understood, for example, that the first stage will 
operate initially in the atmosphere where the trajectory is constrained, whereas later in 
the flight the first stage may be out of the atmosphere where the trajectory is uncon- 
strained. If this is the case, it is necessary? for computational purposes, to consider 
the first stage as two phases: a booster phase and an upper phase. 
after which the vehicle is tilted or kicked over instantaneously at some small predeter- 
mined angle in the desired azimuth direction. Thereafter? the steering profile is con- 
strained to yield essentially zero angle of attack until the end of the booster phase. 
Models for an oblate earth, atmosphere, and vehicle drag are used. The integration 
of the booster (aerodynamic) phase characteristically consumes much of the computer 
time for a problem. Because over this phase of the trajectory only two parameters? kick 
angle and duration? affect the trajectory, it is practical and advantageous to construct a 
table lookup scheme in which the booster burnout conditions may be obtained as functions 
of the two variables. Only those booster trajectories required to furnish points for the 
curve fit are integrated, thus minimizing the computer time consumed by booster in- 
tegration. As new points are required, the table expands to include the new trajectories. 
Other codes and techniques are available which make different simplifications. Some 
of these are listed in the references of reference 1. The PRESTO code of reference 2 
allows consideration of a more complex problem. The simplifications are less con- 
straining. The trajectories considered a re  not necessarily planar; the thrusts and flows 
are not necessarily constants; and coast phases may be inserted between four powered 
stages. Aerodynamic lift as well as drag forces are included in the computations. The 
optimization technique is the method of steepest descents. However, PRESTO requires 
of the order of 1 minute to solve the same problem that would require about 1/10 minute 
for this code. 
The booster trajectories are characterized by a short vertical rise of fixed duration 
The first part of this report contains the assumptions and capabilities of the program 
2 
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followed by a discussion of the organization. Next, a complete step-by-step set of direc- 
tions for utilizing the deck is provided. The appendixes contain the FORTRAN listings 
and related information. 
ASSUMPTIONS AND CAPAB ILlTY 
The analysis on which the equations in the code are based is presented in reference 1. 
(1) The launch weight is fixed. 
(2) Vacuum thrusts for all phases are constants. 
(3) Flow rates for all phases are constants. 
(4) The hardware weight for  each phase is assumed to be a linear function of the 
The set of assumptions for this program are that 
phase propellant loading defined by 
Ws = WH + kW P 
where Ws is the total structural weight, WH is the fixed weight, W P 
pellant weight, and k is the propellant sensitive structure factor. (All symbols are 
defined in appendix A. ) 
(5) During the booster phase,drag = CDqAref , where CD is a drag coefficient 
found as a function of Mach number, q is dynamic pressure, and Aref is the reference 
area. After the booster phase, drag is equal to zero. 
is the phase pro- 
(6) Thrust during booster phases is defined by 
F = Fv - AeP 
where F is the thrust, Fv is the vacuum thrust, A, is the engine exit area, and P is 
the atmospheric pressure. During upper phases, F = Fv. 
(7) During the booster portion of the trajectories, the steering profile is determined 
such that essentially zero angle of attack is maintained. In the upper-phase portion, the 
steering profile is determined by the calculus of variations. 
(8) The upper-phase trajectories are planar, and the thrust vector during the 
booster portion is constrained to be parallel to the launch azimuth plane. 
In addition to the integrated trajectory, provision is made for adding an additional 
impulsive velocity increment VI after the desired f inal  conditions have been achieved. 
The f inal  phase is used to provide this additional velocity increment, and the standard 
impulsive velocity equations are used to calculate the propellant required for the maneu- 
3 
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ver. Postorbital maneuvers may often be conveniently simulated as an impulsive velocity 
increment. 
In addition to  the preceding set of assumptions, other characteristics of the code are 
results of the fact that it was constructed by combining two existing codes. The booster 
portion is a derivative of the N-Body Code of reference 3; the upper-phase portion was 
constructed from a two-dimensional calculus of variations code designed for flight in a 
vacuum. This accounts for  the booster portion being three dimensional and the upper- 
phase portion being two dimensional. 
specified period the vehicle rises vertically and then is instantaneously tilted or  kicked 
over in the desired azimuth direction at some elevation angle henceforth called the kick 
angle. After the kick maneuver is performed, the angle of attack in the pitch plane is 
constrained to zero. The booster phase may be composed of six distinct segments each 
of which is limited to a fixed vacuum thrust, engine exit area, and flow rate. A fixed 
weight may be jettisoned at the end of each booster segment. The hardware weight for  the 
last booster phase is treated as in the upper phases. 
optimum loading exceeds the prescribed value, the duration of the phase is fixed such 
that the maximum loading is used; and the problem is reoptimieed. 
The steering program during the booster portion is constrained such that for a short, 
A maximum value may be placed on the propellant loading of any phase. If the 
0 R GA NIZ AT ~- ION 
This code was  constructed by combining two existing codes: a booster code and an 
upper-phase code. This program remains largely divided into these almost independent 
sections because the two parent codes have different coordinate systems. The booster 
portion is simple and straightforward in spite of the more complex vehicle model. The 
upper-phase portion is more complex because it requires a targeting or iteration scheme 
as well as the calculus-of -variations steering control and staging criteria. Therefore, 
the discussion of the organization of the program may be conveniently divided into sec- 
tions on the booster and upper phases with auxiliary sections on the targeting procedure, 
the final boundary conditions, and input and output. Most of the discussion of the logic 
which connects the two portions is contained in the booster discussion. 
BOOSTER 
The booster portion of the trajectory is integrated in a three-dimensional rectan- 
gular equatorial coordinate system utilizing the integration scheme, oblate earth model, 
4 
and aerodynamic simulation given in reference 3. The method and organization of the 
booster portion of this code are derived from and, hence, are very similar to refer- 
ence 3. The atmospheric model was obtained from reference 4. 
which the vehicle is tilted or kicked over instantaneously at some small predetermined 
angle in the desired azimuth direction. During the vertical rise, the thrust vector is 
alined along the launch radius vector. At the end of the vertical rise period, the relative 
velocity vector is set to the desired kick angle (measured from the horizontal) in the 
desired azimuth direction. For the remainder of the booster portion of the trajectory, 
the thrust vector is directed so that the angle of attack in the pitch plane is zero. For  
further and more extensive discussion af this procedure, see appendix B. 
Thus, for a fixed launch weight, booster propulsion characteristics, and launch 
azimuth, the vertical rise phases are identical; the only changes in  the boost trajectories 
are the result of changes in the kick angle and the duration of the boost phase. 
The program is constructed so that the upper-phase portion requests the burnout 
conditions at the end of the booster phase as a function of the booster kick angle and 
booster burning time: the two parameters that remain available for optimization in the 
booster. These burnout conditions (altitude, vertical velocity, and horizontal velocity) 
could be obtained by integrating the booster trajectory with the precise kick angle and 
burning time required. This procedure is followed whenever the kick angle and booster 
phase duration are fixed. However, if either the kick angle or booster phase duration 
are to be optimized, a table lookup technique is employed. The short vertical rise is 
integrated only once, and the weight and state conditions are stored. A grid of kick 
angles ak, is established with a preselected grid spacing (i. e., . . . , 88.4', 88.5', 
88.6', . . . , 89.8', 89.9'). The grid spacing A a k  is constrained to values such that 
The boost trajectory is characterized by a short vertical rise of fixed duration after 
A'Yk =- 0. lo i = O ,  1, 2, . . . 
where i is chosen at execution time. This constraint is placed on the grid spacing in 
order to simplify the logic associated with choosing the kick angles needed to form a 
satisfactory table. The three kick angles from the grid closest to the desired kick angle 
are chosen, and trajectories are run using these three kick angles. As the integration 
proceeds, the state variables (altitude, horizontal and vertical velocities) are stored 
beginning at some prespecified time and at fixed increments of time until another pre- 
specified time is reached. The upper-phase state variables are then expressed as 
second-degree polynomials in kick angle and booster -phase duration, and the desired 
state variables are calculated from these polynomials. The polynomials are of the form 
5 
y = al + a a + a3tB + aq'Yktg + agok 2 + a6tg2 
2 k  
where y is the dependent state variable, o!k is the kick angle, tB is 
tion, and al to a6 are constants which are evaluated from the 
(4) 
the phase dura- 
stored data. The 
upper-phase portion of the deck requires not only the burnout conditions already noted, 
but also requires partial derivatives of the burnout conditions with respect to kick angle 
and booster-phase duration when optimization of either of these parameters is desired. 
The partial derivatives are obtained by differentiation of the polynomials. The inter- 
polation scheme requires trajectories for three kick angles from the grid to construct the 
polynomials. As targeting proceeds, the targeting scheme may request burnout condi- 
tions for a kick angle which is not enveloped by previously integrated trajectories. If 
the required kick angle is less than one grid spacing from the closest one already 
available, the polynomials are formed with the three closest kick angles. If the required 
kick angle is further than ACrk from the nearest available kick angle, trajectories are 
integrated for one or more kick angles on the grid, such that the closest is within A a k  
and the most remote is within 3ACrk. 
range of kick angles covering the area of interest is obtained and stored, thus eliminat- 
ing the need for reintegrating the time-consuming booster trajectories. This table may 
be used for all problems sharing the same booster configuration. 
which may be read back into the computer at  a later date. If it is desired to investigate 
a vehicle whose booster configuration is identical to one already considered and for 
which a booster binary table has been acquired, the binary cards may be reintroduced at 
execution time, thus avoiding reintegration of the booster trajectories. 
A a k  
In this manner, the table is expanded until a 
When a problem is completed, the booster table may be punched on binary cards, 
UPPER PHASES 
At the end of the booster phase, the number of variables free for optimization in- 
creases. The booster phase had only two: the kick angle and the booster-phase duration. 
The upper phases add the steering profile and additional phase durations to the variables 
that may be optimized. The variational analysis from reference 1 requires the simul- 
taneous integration of the equations of motion and the Euler-Lagrange equations. Addi- 
tionally, the analysis demonstrates that for an N-phase problem there exist N + 5 f i n a l  
conditions to be satisfied and N + 5 initial conditions with which to satisfy them. Ob- 
viously, for a multistage vehicle the problem of optimizing the phase durations would 
involve a formidable iteration process. However, the analysis goes on to show how the 
number of iteration variables may be decreased by resorting to "internalTf optimization 
of some of the parameters which would otherwise be in the "external" iteration loop. 
6 
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By utilizing the techniques for internal optimization given in reference 1 and by choosing 
to limit the number of parameters in the external iteration ti five (thus limiting the final 
conditions to be satisfied to five), a maximum of five upper phases and the booster phase 
may be optimized. The program automatically utilizes the correct procedure for reduc- 
ing the iteration loop size. A description of this process is presented in appendix C. 
The choice of appropriate equations or  techniques is a function of which parameters are 
to be optimized, whether a phase is powered o r  coasting, the sequential order of the 
fixed and optimized phases, and whether the structure factor is zero or nonzero. 
The initial conditions for the two-point boundary value problem are as follows: 
li/ initial time rate of change of thrust angle 
initial thrust angle measured with respect to local horizontal 
'Yk kick angle for booster 
x4 travel angle Lagrange multiplier 
T~ phase duration, where i = 1, 6 
(5) 
The initial rate of change of thrust angle J/ is always required as an initial condition. 
The variables J/ and/or "k may be required, depending on the problem. The phase 
durations T must also be supplied by the user. If a phase is of fixed duration, that value 
will, of course, determine the duration. If a phase is to be optimized, an initial estimate 
of the phase duration is required which may be used in the two-point boundary value 
problem. All these variables must be loaded by the user; the program will use them as 
required. 
except for nonoptimum travel angle trajectories. This option (nonoptimum travel angles) 
is seldom interesting in the type of problem for which this program was designed. 
Furthermore, experience has shown that the difficulties in converging a trajectory with 
a nonoptimum travel angle are formidable; but for the sake of completeness and the pos- 
sibility of future interest in that type of problem, it has been included in the Euler- 
Lagrange equations. It is not included in the iteration loop, and the travel angle is never 
specified as a f inal  condition. 
spherical earth. 
cilitating rapid integration. 
technique of the booster portion, which is the fourth order Runge-Kutta scheme described 
in reference 3. 
mum of one phase. Each phase has a constant thrust and flow rate. Any upper phase 
except the f i n a l  phase may be a coast phase (no thrust or  flow rate). Any phase may 
As shown in reference 1, x4 is a constant during a trajectory and is equal to zero 
The upper phases are integrated in a polar coordinate system which assumes a 
Thrust and gravity are the only forces acting on the vehicle, thus fa- 
The upper phase portion of the deck shares the integration 
To recapitulate, the upper phases consist of a maximum of five phases and a mini- 
7 
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have a fixed or optimized duration. The structure weight for each phase including 
booster phase is assumed to be a function of the propellant expended during that phase 
(defined by eq. (1)). 
velocity increment VI after the desired final conditions have been achieved in the in- 
tegrated trajectory. The final phase provides the velocity increment. 
In addition to the integrated trajectory, provision is also made for adding an impulsive 
ITERATION PROCEDURE 
The two-point boundary value problem implicit in the solution of the problem is 
solved by a multivariable Newton-Raphson iteration scheme. The program employs 
first-order, finite-difference equations to relate changes in final conditions to changes 
in initial conditions 
where 6x and Sy are n-vectors (with an n x n iteration assumed: 2 I n I 5) denoting 
differences in initial and final conditions, and M is an n X n matrix of partial deriva- 
tives of final conditions with respect to initial conditions 
The program obtains the matrix M by integrating a reference trajectory and n inde- 
pendent perturbed trajectories (or, as dicussed later, by considering n + 1 independent 
trajectories) so that 
Ay = M AX (8) 
where Ax is an n X n matrix of differences in initial conditions such that Ax is the 
difference of the jth initial condition on the kth perturbed trajectory and Ay is an 
equivalent matrix in final conditions. The guesses at the initial conditions are im- 
proved by the equation 
jk 
6yr = MSX, (9) 
where the subscript r indicates differences between reference and desired values; 
hence, 
8 
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-1 6xr = A X  Ay 6yr 
A large part of the program consists of the logic required to perform and terminate the 
Newton-Raphson iteration. Two criteria must be satisfied to terminate the iteration. 
The first is 
6m = 
where mI is the mass at the beginning of the variational phases; b (usually 1. OX10m4) is 
some tolerance factor, which may be specified at execution time; and 6m is a measure 
of the payload error .  The term am/@. is acquired from the set of perturbations. The 
second criterion is 
J 
i = l ,  n 
where Q and B are n-vectors. The elements of the Q-vector are parameters that 
consist of values to which the e r ro r s  in final conditions are compared. For instance, 
suppose that radius R was  one of the required final conditions y The error  6R in R 
is compared with R; thus QJ = R and BJ is the tolerance required, usually about 
4 1.ox10- . 
will be within the prescribed tolerance as well as ensuring that the effect of the accepted 
e r ror  in f ina l  conditions on f ina l  payload will be within tolerance. 
value of 6m on an extrapolated trajectory is larger than the 6m on a previous trajec- 
tory, 6xr is halved successively until the 6m for the new trajectory is less than that for 
the reference. If the extrapolated trajectory does not improve over the reference after a 
designated number of these operations, the problem is abandoned. The user may deter- 
mine the number of halving or  damping operations allowed. 
After the iteration has proceeded to the point that convergence is close, the program 
may dispense with the perturbations of a reference and just replace the worst trajectory 
in the set with the new reference, calculate a new matrix M, and proceed in this manner 
until convergence is obtained. 
In addition to the problem of choosing initial guesses, there is the more difficult 
problem of choosing the perturbation size in order to obtain the perturbed trajectories. 
The principal source of the difficulty is the strong coupling of the partial derivatives to 
the optimal phasing equations used to terminate phases in the internal iteration. It is not 
j .  
The two convergence criteria ensure that the e r ror  in the desired final conditions 
Equation (11) is also used to determine whether the iteration is converging. If the 
9 
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unusual for the effect of a particular perturbation size to change quite Significantly during 
convergence because of the great nonlinearity of the optimal phasing effect on the partial 
derivatives. There are at least two solutions to the difficulty. From a mathematical 
point of view, the preferable solution would be the integration of analytical partial deri- 
vatives. However, this procedure presents very complicated programming problems 
and significantly increases the complexity of the program. It would also reduce the flex- 
ibility of the program in that it would reduce the possibility of the user altering the pro- 
gram significantly. The more practical solution, and the one utilized, was an empirical 
method of altering the perturbation size in the course of the iteration. In the first set of 
perturbations, the perturbation size is modified by a simple iteration until 
where R is the final radius. This is obviously not entirely satisfactory; therefore, on 
all subsequent interations, the perturbation size is adjusted such that 
where Z is an n-vector of differences between the final conditions of the reference and 
a perturbed trajectory, and the am/@. components are acquired from the previous set J 
of perturbations. Equation (14) is comparable to the equation used to terminate the iter- 
ation (eq. (ll)), and empirically, provided a satisfactory measure of perturbation size. 
Variational functions may be used to terminate some of the optimized phases in order 
to reduce the iteration size. The functions are monotonic, and the phases are terminated 
when the functions are equal to zero. The initial conditions affect these functions and 
determine the values of the functions at the beginning of the phases that must be termin- 
ated. If the initial value of the function is positive and the function is monotonically 
increasing, the equation cannot be satisfied. An analogous situation would exist for a 
monotonically decreasing function that is initially negative. The first set of initial con- 
ditions must be chosen by the user, and the program provides no remedy for a set for 
which the phasing equations cannot be satisfied. An error  message containing the phase 
number of the offending phase is printed to inform the user that this difficulty has been 
encountered. This problem most frequently occurs when there is a coast between two 
stages of a vehicle, or a coast is desired between the burns of a stage, and the user does 
10 
not have a set d reasonable initial conditions. 
problem is to f i x  the duration of a potentially offending phase at a reasonable value, tar- 
get the problem, then optimize the offending phase, all in one computer run. 
in initial conditions until it is possible to satisfy the phasing equation. If a perturbed 
trajectory encounters the same difficulty, the perturbation size is reduced until the 
phasing equation can be satisfied. 
optimized and he has little idea of what the initial conditions should be, he may improve 
the convergence characteristics of the problem by fixing all but one of the phase dura- 
tions, converge the problem, and free the remainder one by one, converging each time. 
This is easily accomplished in a single computer submission. Although this procedure 
would appear to require more time, it may actually save time. Even if the complete 
problem would have converged without this technique, the number of iterations required 
to converge the complete problem may exceed the total number required for the para- 
metric procedure. More often, the parametric procedure will be the only way of obtain- 
ing solutions in difficult problems because of the need for accurate guesses of initial con- 
ditions. This procedure applies only when reasonable estimates of initial conditions are 
not available. 
For a problem that requires a booster table (as described in the BOOSTER section), 
the kick angle spacing A a k  is a factor in the f inal  accuracy of the solution. 
may check the accuracy of the interpolation scheme by causing the program to integrate 
the booster with the exact ak and boost-phase duration specified by the converged 
initial conditions. At the end of the booster integration, the upper phases are integrated 
using the converged initial conditions and the exact state variables obtained from the 
integration. The e r ror  checks are performed as before, and, if this trajectory satisfies 
the tests, the problem is complete. Otherwise, the kick angle spacing Actk is halved, 
the convergence procedure is repeated, and the new exact a k  and phase duration are 
again integrated followed by the upper phases. The e r ror  checks are again performed. 
This process continues until Ahak is small enough to provide the desired accuracy. 
The most practical way of avoiding the 
If this problem occurs in the course of iteration, the program will reduce the changes 
When the user encounters a new problem in which several phase durations must be 
The user 
FINAL BOUNDARY CONDITIONS 
The final boundary conditions for optimizing a multistage launch vehicle are of two 
types. The most easily understood are those which are dependent on the desired f inal  
orbit. More complex are those that consist of equations which must be satisfied in order 
to ensure optimum phasing. The second type is dependent on the variety of combinations 
of powered and coast phases, zero and nonzero structure factors, and the order of the 
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fixed- and optimized-phase durations. These optimum phasing equations are similar and 
are usually identical to some of those that may be used in the internal optimization of 
phasing times. Some of these equations may be evaluated before the end of the trajectory, 
and some of those that are evaluated at the end are dependent on parameters from inter- 
mediate points. The program selects the proper equations for evaluation as this is a 
tedious task. Reference 1 contains the derivations for  these equations. Appendix C 
describes the selection process. 
as R (radius), R (radial velocity), w (angular velocity), and ga (travel angle or polar 
angle). The variational solution provides means by which any of the orbital parameters 
left unspecified may be optimized. As shown in reference 1, if the travel angle or  polar 
angle ‘p is unspecified, X4 = 0 for an optimum ga. Because nonoptimum travel angles 
are rarely desirable in the type of problem usually considered by this program and, 
additionally, are difficult to converge, the travel angle ga may not be specified. If 
necessary, nonoptimum travel angle trajectories may be obtained by loading X4 # 0 and 
observing the change in travel angle. 
The following sets of final orbit conditions are included in the program available to 
the user. 
(1) Energy per unit mass E, radius R, and flight path angle r. (Travel angle ga 
is optimized. ) This is equivalent to specifying the radius, radial velocity, and angular 
velocity as shown by the following equations: 
The final orbit is completely specified by any four independent orbit parameters such 
R 2 + w 2 R 2  - -  pE =  
2 R 
-1  R r = t a n  - 
Rw 
(2) Energy E. (Radius R, flight path angle I?, and the travel angle ‘p are optimized). 
(3) Energy E and flight path angle r. (Radius R and travel angle ga are opti- 
mized. ) 
(4) Energy E and perigee radius R (True anomaly and flight path angle l? are 
optimized. ) This is equivalent to specifying eccentricity e and semilatus rectum p, 
but letting true anomaly I3 and argument of pericenter E = ‘p - I3 be unspecified where 
both ga and 13 are to be optimized: 
P‘ 






The argument of pericenter E is defined herein as the angle between the radius vector 
at the beginning of the variationally steered portion of the trajectory and the pericenter 
radius. The derivation of the f ina l  conditions required to optimize the unspecified orbit 
parameters is given in appendix C of reference 1. 
If the user requires a set of final boundary conditions which is not included, they 
may be added with very minor revision to the program. The maximum iteration size 
allowed by the program is five. (This limitation is somewhat arbitrary, .but convergence 
problems increase with the number of iteration variables and five seems to be a prac- 
tical limit. ) A six-phase problem may always be solved with this limitation if it is pos- 
sible to terminate the final phase on one of the final state conditions (such as energy). 
The user should keep this in mind in adding any new set of final boundary conditions. 
INPUT AND OUTPUT 
There are two types of input into the program. Most of the data enter in decimal 
form by an input routine. The binary booster table is introduced by a special routine 
which inputs binary cards. 
loads fixed- or floating-point numbers, octal numbers, and alphabetic words; it is capable 
of performing simple arithmetic, as indicated on input cards. Arrays may be loaded 
quickly in consecutive memory locations. The programming indicated in reference 5 
has been made compatible with the JBM 7094 computer, but the capability and instructions 
for use remain as in reference 5. 
The routine for reading binary data and the complementary routine for punching 
binary cards were developed at Lewis for use on the 7094 computer. They are included 
with the program. Should these routines prove impossible to adapt to another computer 
facility, it should be possible to replace these routines with others which perform the 
same functions. The input routine just described may also be replaced by another of 
similar capability without great difficulty. 
The output from the program also is both binary and decimal. The binary output 
consists of the information stored in the booster table and is punched out on cards by the 
routine described previously. 
Decimal output is derived from both the booster and upper-phase portions of the 
code. Most of these data consist of information regarding the state conditions at the be- 
ginning, end, and at intermediate points in the integration of the trajectory. Since the 
The input routine utilized by this program is described in reference 5. This routine 
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two parts of the trajectory are not integrated consecutively and since the booster is 
integrated in three dimensions and the upper phases in two, the trajectory output data for 
the booster and upper phases will be separated and are necessarily different. 
A two-line and a five-line output format are available for the booster data. The two- 
line form prints only those variables of most immediate interest to the user. The five- 
line output prints most, if not all, of the variables that could interest the user. The list 
and definitions of the variables printed are given in the comments printed at the begin- 
ning of the subroutine OUTPTB. 
The trajectory data for the upper phases plus auxiliary data useful in operating the 
code are printed in a five-line output. The list and definitions of the variables are given 
in the comments for OUTPTl. 
printed. At the end of each trajectory, a compilation of data of possible interest to the 
user is printed. 
At the beginning of the output for a problem, a synopsis of data for each phase is 
These variables and their definitions are given in OUTPTl. 
DIRECTIONS FOR UTILIZATION OF DECK 
The decimal input data for this program are introduced through subroutine INPUT 
(described in the section INPUT AND OUTPUT). The required data for utilizing this 
code may be arbitrarily divided into six categories. In an attempt to provide a foolproof 
method of loading the required data into the program, the instructions will be treated in 
six categories and each category will be divided into necessary and optional sections 
where applicable. Examples are provided where they may be helpful. 
units of length, mass, and force may be used by changing the preloaded constants. This 
process is explained in the section PI?QGRAM CONSTANTS. For convenience, the units 
listed with the input variables described in this section are given in both the U. S. Cus- 
tomary and SI Systems. 
The constants in this program are preloaded in U. S. Customary Units. Any other 
DRAG MODEL 
Drag is calculated from the equation 
where CD is the drag coefficient, q is the dynamic pressure, and Aref is the refer- 
ence area. A curve fit of CD as function of Mach number is required. This is 
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provided by dividing the curve into segments of arbitrary length which are approximated 
by quadratic functions. The method of loading the quadratic coefficients is explained in 






Reference area to be used in drag calculation, AREA = Aref 
COEFN is of the form Xo, al, bl, cl, X1, a2, b2, c2, X2, 
a3, b3, c3, * * . , aN, bN, cN, XN. 
that designate the segmenting of the drag curve are Xo, 
X1, X2, . . . , XN. The coefficients in the quadratic are 
2 ai, bi, and ci (i = 1, N) where CD = ai + b.x + cix . If 
the coefficients are not available, they may be generated 
by the code by loading the optional data. 
2 2  (e.g., AREA = 78.5), f t  ; m 
The Mach numbers 
1 
Optional Data 
The coefficients are generated by loading a set of point pairs in ascending order by 
Mach number from the curve of CD as a function of Mach number. The following vari- 





Number of point pairs minus one divided by two. The num- 
ber of point pairs must be odd. 
- - 
The independent or  first members of the point pairs loaded 
consecutively (Mach number). 
The dependent or  second member of the point pairs loaded 
consecutively (drag coefficient). 
Examples of coefficient generation: If the following point pairs (1,2), (2, l), (3,2), 
(4,4), and (6, 5) are acquired from a curve, the variables would be assigned values as 
follows: NSETS = 2; VAFUND = 1, 2, 3, 4, 6; and VARDEP = 2, 1, 2, 4, 5. If the coef- 
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ficients are not available and must be generated by the COEFNT routine, the newly gen- 
erated coefficients are punched out on cards. They are thus available for any subsequent 
machine submission. 
Output Control 
The output frequency during a trajectory is controlled by a routine called STEP. 
Because each trajectory is divided into a booster portion and an upper-phase portion and 
each is integrated separately, the output frequency may be different for each section. 
The STEP routine utilizes six internal variables to enable the user considerable flex- 
ibility in the frequency and spacing of output during the course of a trajectory. The vari- 
ables are MODOUT, MODS, STEPS, TMIN, DELMAX, and NOUT. MODOUT may assume 
values from 1 to 7.  These internal variables are set by loading variables mentioned in 
later sections. 
Variable Description 
MODOUT = 1 
MODOUT = 2 
MODOUT = 3 
MODOUT = 4 
MODOUT = 5 
MODOUT = 6 
MODOUT = 7 
Output every N~~ integration step (N = STEPS) until time 
equals TMIN, then MODOUT is changed to 2 
Output every X seconds (X+ DELMAX) for duration of that 
portion of trajectory 
Output every X seconds (X = DELMAX) until time equals 
Output every Nth integration step (N = STEPS) until end of 
TMIN, then MODOUT is set equal to 4 
that portion of trajectory 
Output a t  beginning and end of that portion 
No output 
Allows user to obtain output at intervals of DELMAX begin- 
ning at first time which is an integral multiple of the 
DELMAX interval; useful in upper-phase portion of tra- 
jectory, which frequently begins at some nonintegral time 
MODS and NOUT (J, I), (J = 1, 6; I = 1,3) control the type and frequency of output 





MODS = 1 
MODS = 2 
MODS = 3 
MODS = 4 
No output at phasing points 
Output before and after each phasing point 
Output before but not after phasing 
Output after but not before phasing 
NOUT is a subscripted variable which allows the user to suppress output at a parti- 
cular phase. This option is useful when the user may wish to emphasize certain phases 
by ignoring others, such as a desire to emphasize the staging points and to ignore the 
trajectory phasing points, which are not vehicle significant. 
In order to skip a phasing point J, NOUT (J, I) = 1. NOUT is not an input variable, 
but is loaded indirectly by loading a similar variable (NPRNTB, NPRNTI, or NPRNTC) 
which corresponds to an omission desired in either the booster or  the upper-phase por- 
tion. 
BOOSTER DATA 
Usually, the booster stage consists of a single segment (i. e., one flow rate and 
vacuum thrust and no hardware weight to be discarded until the first variational phase). 
However, the code will accommodate a more complicated booster. The booster in 
the more complicated configuration may be divided into as many as six segments after 
the initial vertical rise (which assumes the propulsion characteristics of the first seg- 
ment), each phase of which may have an independent thrust, flow, and exit area.  A fixed 
weight may be jettisoned at the end of each segment. The necessary data assume a 





Latitude of launch site (positive North of equator), preloaded 
as LAT = 28.310293, deg 
Longitude of launch site (positive East of Greenwich), pre- 







Desired launch azimuth, measured positive clockwise from 
North (e.g., AZMUTH = go), deg 
Initial gross weight (e. g., WTO = 6 .00  E + 06), lb; kg 
Total exit area of engines in booster portion, F = Fv - AeP, 
where F is thrust, F, is vacuum thrust, A, = EXITS, 
Variable determining whether to check kick-angle grid spac- 
and P is atmospheric pressure, ft2; m 2 . 
ing; if RERUN = 1, check booster; if RERUN = 0, no 
booster check (preloaded) 
(I = 1,2)  Array which determined output frequency for booster, 
MODEB(1) = 61 is preloaded. 
MODEB(1) Determines output frequency during vertical rise portion of 
integration 
MODEB (2) Determines output frequency for printout of converged booster 
and will be utilized only if RERUN = 1 
MODEB(1) is a two digit number: the first digit corresponds to the desired value of 
the internal variable MODOUT, and the second digit corresponds to the desired value of 
the internal variable MODS. See the section OUTPUT CONTROL for a discussion of the 
output options available. As may be noted from this section, certain choices of MODOUT 
require additional input from the list of optional variables. These variables will be noted 
in the discussion of the optional data. 
Variable Description 
MODEC Two types of output as well as no output a r e  available for the 
booster 
MODEC = 1 
MODEC = 2 
No booster output 
Preloaded; two -line output option printing those variables 
which a r e  of immediate interest in generation of a booster 
table 
MODEC = 3 
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A five-line output option which prints an extensive descrip- 
tion of boost trajectory 
Variable 
PE RB (I) 
PERB (1) 
PE RB (2) 
Description 
Array which determines beginning and f inal  time points of 
booster table 
Decimal fraction of initial gross weight which must be 
expended before table storage is begun; preloaded as 0.5 
Decimal fraction of initial gross weight which must be 
expended before table storage is ended; preloaded as 0 .8  
Optional Data 
A multisegment booster requires separate data for each segment. These data a r e  






Number of boost phases 1 5 LAST 5 6; LAST = 1 is pre- 
loaded; if  LAST > 1, FORCES, F L O W ,  EXITB, HARDB, 
and TBOOST must be loaded 
(I = l), LAST - 1) Vacuum thrust levels of multiphase 
booster, preloaded to zero (e.g., FORCES = 8.6  E + 06, 
5.5 E + 06, . . .), lb; N 
(I = 1, LAST - 1) Flow rates of a multiphase booster, pre- 
loaded to zero (e. g., F L O W  = 4.1 E + 04, 2.68 + 04, 
. . .), lb/sec; kg/sec 
(I + 1, LAST - 1) Engine exit areas  for a multiphase booster, 
2 2  preloaded to zero (e.g., EXITB = 534.342), f t  ; m 
(I = 1, LAST - 1) Jettison weights of a multiphase booster, 
preloaded to zero (e.g., HARDB = 100000, 50000, 
. . .), lb; kg 
booster (e.g., TBOOST = 60, 80, 20, . . .), sec 
(I = 1, LAST - 1) Durations of segments multisegment 
The thrust, flow rate, and hardware weight of the last segment of the booster (data 








Time duration of vertical rise, TKTIME = 15 is preloaded, 
sec 
Altitude at beginning of vertical rise, ASTART = 0 is pre- 
loaded, ft; m 
Time at beginning of vertical rise, TSTART = 0 is preloaded, 
sec 
Relative velocity at beginning of vertical rise, VSTART = 0 
is preloaded, ft/sec; m/sec 
The remaining variables supply values to the internal variables, DELMAX, TMIN, and 




STE PB (I) 
Variable 
(I = 1,2)  DELMXB supplies appropriate time intervals to 
DELMAX. (See section on OUTPUT CONTROL. ) Sub- 
scripts of DELMXB refer to rise time and converged tra- 
jectory as in the MODEB discussion. DELMXB = 10 is 
preloaded, sec 
(I = 1,2) TMINB supplies appropriate time to TMIN. (See 
section on OU TPUT CONTROL. ) Subscripts of TMINB 
refer to rise time and converged trajectory as in MODEB 
discussion, sec 
(I = 1,2) STEPB supplies appropriate value to STEPS. (See 
section on OUTPUT CONTROL. ) Subscripts of STEPB 





(I = 1,6) Durations for each phase, sec 
Description 
Refers to last booster phase. If TB(K + 1) = 0, total num- 
ber of phases = K, 2 I K I 6 (e. g., TB = 100, 150, 30). 
Note that duration for each phase must be loaded whether 
duration is fixed or optimized. If a phase is optimized, 
duration serves as guess required for iteration procedure. 
THRUST, FLOW, PROP, and NOPT are subscripted variables, the first member of 
which refers to the last booster segment. The total loaded in a given problem equals K, 











(I = 1, K) Vacuum thrust levels, preloaded to zero, lb; N 
(I = 1, K) Flow rates, preloaded to zero, lb/sec; kg/sec 
(I = 1, K) Hardware structure factors, where PROP(I) equals 
k in equation 
Ws = WH + kW P 
where Ws is total structure weight of a phase, WH is a 
fixed weight, k is propellant sensitive structure factor, 
and W is propellant weight for phase. PROP is pre- P 
loaded to zero. 
(I = 1, K) Fixed hardware weight where HARD(1) equals WH 
in preceding equation, "(1) is preloaded to zero, lb; 
kg 
(I = 1, K) NOPT(I) = 1 indicates that Ith phase duration is to 
be optimized. NOPT(1) = 0 indicates that I phase dura- 
tion is fixed. 
th 
Guess at initial thrust angle, measured upwards from local 
Guess at time rate of change of thrust angle, (e.g., 
horizontal, (e.g., PSI = 0.525), rad 
PSID = 0.0014. ), rad/sec 








If fixed kick angle is desired, ITERPD = 1 must be loaded. 
If kick angle is to be optimized, ITERPD = 0, which is pre- 
loaded. 
(I = 1,3) Variable which determines output frequency for 
upper -phase portion of trajectory . 
Determines output frequency for printout during process of 
iteration. MODE(1) = 61 is preloaded. 
Determines output frequency for converged upper -phase 
printout. MODE(2) = 51 is preloaded. 
Determines output frequency for converged trajectory which 
exceeds one of propellant constraints imposed by loading 
WPMAX. MODE(3) = 61 is preloaded. 
MODE is a two-digit number performing for the upper phases the function MODEB 






Weight dropped between integrated portion of trajectory and 
impulse velocity increment, DROP = 0 is preloaded, lb; 
kg 
(I = 1, K) An upper bound may be placed on propellant loading 
of any optimized phase. If that is exceeded, duration of 
that phase will be fixed at time which will exactly consume 
specified maximum allowed propellant and remaining 
phases open to optimization will be reoptimized. 
. WPMAX(1) = 0 is equivalent to not specifying maximum 
propellant for Ith phase, and zero is preloaded, lb; kg 
If the last phase duration is optimized and the maximum propellant loading is spec- 
ified, it is important to note that this maximum propellant loading refers only to the 
propellant required to satisfy the specified final conditions and does not include any of the 
propellant required for any additional impulsive velocity increment. If the propellant 
-
maximum is exceeded, the last phase duration will be fixed so that the specified propel- 
lant will be used before the impulsive velocity increment is added. 
DELMX, TMIN, and STEP supply values to the internal variables DELMAX, TMIN, 






(I = 1 , 3 )  DELMX supplies appropriate time interval to 
DELMAX. (See section on OUTPUT CONTROL. ) Sub- 
scripts of DELMX refer to unconverged, converged, and 
WPMAX exceeded printout as in MODE discussion, sec 
(I = 1,3)  TMIN supplies appropriate time to internal TMIN. 
(See section on OUTPUT CONTROL. ) Note that loaded 
TMIN is subscripted and does not have same location as 
TMIN in STEP. Subscripts of TMIN refer to unconverged, 
converged, and WPMAX exceeded printout as in MODE 
discussion, sec 
(I = 1 , 3 )  STEP supplies the appropriate value to STEPS. 
(See section on OUTPUT CONTROL. ) Subscripts of STEP 
refer to unconverged, converged, and WPMAX exceeded 
printout as in MODE discussion. 
I FINAL CONDITIONS 
There are four sets of f inal  conditions available in the program. These are listed 
and explained in the section FINAL BOUNDARY CONDITIONS. 
Necessary Data 
Variable Description 
NF'INAL = 1 I Determines which of f inal  conditions will be used. Preloaded; maximum payload to specified energy, radius, 
and flight path angle; equivalent to specified radius, 
radial velocity, and angular velocity. For convenience, 
program may be loaded either way. 
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Variable Description 
(I = 1,3) If radius, radial velocity, and angular velocity are 
desired f inal  conditions, they a r e  loaded as follows: 
Radius, ft; m 
Radial velocity (preloaded to zero), ft/sec; m/sec 
Angular velocity (preloaded to zero), rad/sec 
It is very unusual to desire a final condition in which the angular velocity is equal to 
zero. FYD(3) = 0 is therefore used as a trigger to inform the program that the user 
wishes to specify energy, radius, andflight path angle in which case the following are loaded: 
Variable Description 
Energy, f t  2 /sec2; m 2 2  /sec 
Radius, ft ;  m 
Flight path angle, preloaded to zero, rad 
NFINAL = 2 Maximum payload to a specified energy; energy must be 
Energy, f t  /sec2; m /sec 
Maximum payload to some specified energy and flight path 
Energy, f t  /sec2; m /sec 
specified 
2 2 2  ENERGY 
NFINAL = 3 
angle; energy and flight path angle a r e  loaded 
2 2 2  ENERGY 
ANG Flight path angle, rad 
NFINAL = 4 Maximum payload to some specified energy and perigee 
Energy, f t  /sec2; m /sec 
radius; energy and perigee radius a r e  loaded 
2 2 2  ENERGY 








IMODE = 3 
IMODE = 2 
IMODE = 1 






= 1  
= o  
After final conditions specified by selecting NFINAL are 
reached, an additional impulsive velocity increment may 
be added with f ina l  integrated phase. If DELTAV is loaded, 
propellant required for velocity increment will be consid- 
ered in optimization of last phase propellant loading. 
DELTAV = 0 is preloaded, ft/sec; m/sec 
Identical to DELTAV except that additional propellant re- 
quired in last phase for velocity increment is not included 
in phase propellant optimization. RESERV = 0 is pre- 
loaded, ft/sec; m/sec 
PROGRAM CONTROL VARIABLES 
Description 
Used to control loading and generation of binary booster 
tables (see section BINARY BOOSTER TABLE) 
Loaded when a binary booster table is to be loaded 
Never loaded 
Never loaded 
Loaded when new booster is desired in course of machine 
submission and no table is provided for new booster. 
Note that IMODE is not loaded when there is no table 
available for first problem in a submission and is not 
loaded as long as same booster was used in problem pre- 
ceding one under consideration. 
Controls production of binary cards 
Binary cards punched, preloaded 
No binary cards punched 











Initial integration step size for upper phase, DELTST = 10.0 
is preloaded, sec 
Grid spacing for booster table kick angles (see section 
BOOSTER)DELTK = 0. 1/2i, i = 0, I, 2,. . . , DELTK = 0.1 
preloaded, deg 
(I = 1,5) Supplies initial perturbation sizes for finite- 
difference scheme X = Xn + DX(J) * Xn, where Xn is 
reference value of initial condition and Xp is perturbed 
value. (DX(1) = 1.0 E-05, I = 1, 5) is preloaded. 
P 
If at beginning of new problem, user wishes to restore 
initial values to DX array, load CLEAR = 1. If CLEAR 
= 1 is not loaded, final values of DX from previous prob- 
lem will be used, as is frequently desirable. 
Each time new reference trajectory is integrated in course 
of solving boundary value problem, internal variable 
COUNT is incremented by 1. If convergence is not ob- 
tained when COUNT equals CMAX, problem is abandoned 
and program reads in next set of input data. CMAX = 20 
is preloaded. 
"DAMP, ERR, and ERROR a r e  variables which rely either directly or indirectly on 
equation (1 1) from the section ITERATION PROCEDURE. 
This equation is used to determine whether the iteration is converging, whether it 
remains advantageous to perturb the reference trajectories, and also as one of the two 









In ITERATION PROCEDURE, a procedure described as 
damping is discussed in which changes in initial conditions 
from one reference trajectory to the next are halved if 
new trajectory is not an improvement over old. Number 
of times this operation may be repeated before problem 
is abandoned is limited by NDAMP. NDAMP = 5 is pre- 
loaded. 
Perturbations of reference trajectories may be discontinued 
when 6m I ERR * mI, where ERR is preloaded equal to 
(I = 1,2)  Constitutes variable factor in first convergence test 
described in ITERATION PROCEDURE. Test is satisfied if 
6m < ERROR(1) * mI 
1.0 E-04. 
1.0 E-04 is preloaded. 
Constitutes variable factor in second part of check on accept- 
ability of grid spacing of kick angles in booster table. The 
spacing is accepted if 6m < ERROR(2) * mI. ERROR(2) 
= 1.0 E-03 is preloaded. 
(I = 1,5; J = 1,2)  Second convergence test described in 
ITERATION PROCEDURE section (eq. (12)) requires that 
(I  6y: I 5 QiBi) where i = 1, n. This test is used for both 
convergence of Newton-Raphson scheme and as a check 
on grid spacing of booster table. TOL is equivalent to 
B-vector . 
Constitutes variable factor in second convergence test. Test 
is satisfied if y i  I TOL(i, 1) * Qi where i = 1, N. 
TOL(1,l) = 1.0 E-04, I = 1,5 is preloaded. 
Constitutes variable factor in first part of check on accept- 
ability of grid spacing of kick angles in booster table. 
Spacing satisfies test if y i  I TOL(i, 2) * Qi where 
i = 1, N. TOL(I, 2) = 1.0 E-03, I = 1,5 is preloaded. 
U s e r  has option of seeing perturbed trajectories. NPRINT 
= 1 causes the program to print these trajectories if the 
unconverged trajectories are printed. NPRINT = 0 (pre- 
loaded) omits the perturbed trajectories. 
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Jf OBLATN = 1 (preloaded), the oblate earth model given in 
reference 3 is used. A spherical model is used if 
OBLATN = 0. 
(I = 1,6) NPRNTB supplies NOUT values for boost trajectory 
(for a multiphase booster). (See section on OUTPUT 
CONTROL. ) I€ user wishes to print some phasing points 
but wishes to omit others, he may load NPRNTBO) = 1 
to omit phasing printout on Ith booster phase. 
NPRNTB(1) = 0, I = 1,6 is preloaded. 
(I = 1,6) NPRNTI supplies NOUT values for unconverged 
upper -phase trajectories. 
CONTROL. ) It is similar to NPRNTB and is similarly 
pr eloaded . 
(See section on OUTPUT 
(I = 1,6) Serves same purpose as NPRNTI except that it con- 
trols printout for converged upper phases. NPRNTC(1) = 0, 
I = 1,6 is preloaded. 
EREF, ERLIMT, and STEPMX are the control variables for the integration scheme. 
Appendix D of reference 3 contains a description of the integration method. An adequate 
understanding of these variables would require a knowledge of the information in appen- 








5 EREF = 1 .0~10-  is preloaded. 
ERLIMT = 3 ~ 1 0 - ~  is preloaded. 
STEPMX = 200 is preloaded. 
Internal optimization requires that phases be terminated 
when designated parameters reach certain values. This 
is accomplished in a routine called COAST. The toler- 
ance within which these must agree is equal to ERRMXK, 
which is preloaded equal to 1.0 E-05. 
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PROGRAM CONSTANTS 
The program requires a few constants which are all preloaded, but which may be 
altered at execution. 
As discussed at the beginning of the directions, the program is preloaded in U. S. 
Customary units. SI units may be used. In the U. S. system, weight and force are loaded 
in the same units. In the SI system, force may be loaded in newtons or  in kilograms 
force where there is a factor of g between the two when they represent the same force. 
In order to accommodate either convention, if the weight (or mass) is loaded in the same 
units as the force, then G must be loaded equal to the equivalent of 32.174. If force and 
weight (or mass) are loaded in different units, G should be set equal to  1. This rule 
would, of course, apply to any set of units. CONM and CONN are preloaded for the U. S. 
system of units. 
Variable Description Units Preloaded 
value 
FM Gravitational constant for Earth 1.40765393+16 f t  3/ sec2 
Earth radius used in upper-phase por- 20.909893+06 f t  
tion of deck 
A Semimajor axis of oblate earth model 20.9257383+06 f t  
B Semiminor axis of oblate earth model 20.8555683+06 f t  
G Acceleration of gravity at Earth’s sur- 32.174 ft/sec2 
R€)A Reference radius for use in interpola- 20.969890~10~ f t  
face 
REVOLV Angular velocity for Earth 7.292115123-05 rad/sec 
tion scheme 
cow Conversion from meters to unit of 3.2808398 ft/m 
length for problem 
CO” Conversion from newtons to unit of 0.22481905 lb/N 
force for problem 
BINARY BOOSTER TABLE 
After a booster table has been generated, the user has the option of punching the 
table out on binary cards which may be read back into the program if the same booster 
should be reconsidered. (See IMODE and NDUMP in the section PROGRAM CONTROL 
29 
I I 1ll111l I 1 1 1 1  
VARIABLES. ) The subroutines which read and punch binary cards vary with the com- 
puter installation and therefore are not described herein. Copies of the Lewis Research 
Center routines will be provided with copies of the code, and the user must modify or  
replace them with routines of similar capability. 
CODING 
Appendixes D to H contain aides to utilizing the code. A listing of the program is 
provided in appendix H. All the required FORTRAN IV subroutines are arranged in 
alphabetic order. BCDUMP, BCREAD, and INPUT are not in FORTRAN and are not 




d OUTPTZ OUTPTl 
Figure 1. - Program block diagram. 
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INPUT routine requires an input table which is placed just before the data, as described 
in reference 5. A listing of this table is provided in appendix F. 
RUNG contains variables which are used in the integration and step size control. ATABLE 
contains those variables which may be stored on cards at the end of a problem and read 
into the computer later. The remaining program variables requiring common locations 
are in the CSTAR block. This block common is available to loading from the INPUT 
routine. 
variables in alphabetic order is provided in appendix D. A list of all the equivalence 
entries in the program in numerical order is provided in appendix E giving the name, 
subblock, location, dimension, and subroutine fo r  each entry. 
Variable names are sometimes duplicated and the same storage may be occupied by 
unrelated variables or  by the same variable appearing under another name. These dup- 
lications result from the fact that the code is a combination of two codes and from the 
difference in coordinate systems. The variables being integrated change depending on 
whether a booster or upper phase is being integrated. The two lists of variables pro- 
vided should clarify most, if not all, of the ambiguities introduced by the variable name 
and location duplication. 
There are three main common blocks in the code: RUNG, ATABLE, and CSTAR. 
Two lists of the variables in the three common blocks are provided. A glossary of 
SAMPLE PROBLEM 
A sample problem has been provided to enable the user to observe the way in which 
data are loaded into the program and some of the conveniences of the input routine. The 
listing for the sample problem is given in appendix G. Examples of addition, multipli- 
cation, and division are provided in the input data. 
The sample problem consists of a three-stage booster to Earth escape passing 
through a 121-nautical-mile (224 092-m) circular parking orbit. The maneuver from 
orbit to escape is simulated by introducing an impulsive velocity increment at the end of 
the last integrated phase. The vehicle consists of a hypothetical kerosene - liquid-oxygen 
first stage, a hydrogen-oxygen second stage, and a nuclear third stage. 
The data are listed in the order in which they are introduced in the set of directions. 
All the necessary data are explicitly introduced, although some data might have been 
skipped by utilizing the preloaded values. A few of the optional data entries are utilized. 
The input data and vehicle parameters should be easily understood if an item by hem 
comparison is made between the data and the DIRECTIONS FOR - -  UTILIZATION - -  ___ OF DECK. 
The first example illustrates the case where all the stages are optimized. The 
booster output is an example of the abbreviated output. The initial kick angle spacing is 




also too large causing the program to cut the spacing and run another booster. The sec- 
ond case fixes the first-stage duration and optimizes the last two. The third case fixes 
the duration of the first two stages and optimizes the third. The full booster output is 
used for the last two cases. 
Lewis Research Center, 
National Aeronautics and Space Administration, 
Cleveland, Ohio, May 1, 1968, 
180-31-01-01-22. 
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2 2  engine exit area, f t  ; m 
vehicle reference area, ft2; m 
coefficient in interpolation equa- 
2 
tion (eq. (4)) 
convergence tolerance 
convergence tolerance 
total drag coefficient 
energy, f t  2 /sec2; m 2 2  /sec 
eccentricity 
thrust, lb force; N 
propellant sensitive structure 
factor 
matrix relating changes in f inal  
and initial conditions 
mass, slugs; kg 
iteration size 
atmospheric pressure, lb/ft2; 
N/m2 
semilatus rectum, f t ;  m 
comparison parameters for con- 
vergence determination 
dynamic pressure, lb/ft2; N/m 2 
radius, f t ;  m 
perigee radius, ft ;  m 
booster phase duration, sec 
fixed structure weight for a 
phase, lb; kg 




















n-vector of differences 
booster kick angle, deg 
flight path angle, rad 
argument of perigee, rad 
true anomaly, rad 
Lagrange multiplier 
Earth force constant, f t  3 /sec2; 
3 2  m /sec 
burning time, sec 
polar angle, rad 
thrust direction, rad 
angular velocity, rad/sec 
Subscripts: 
I initial 
r difference between reference 
and desired values 
V vacuum 
Superscripts: 
i variable number 
variable number 
derivative with respect to time 
j 
( - 1  
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APPENDIX B 
BOOSTER STEERING 
As described in the section on the booster, the boost trajectory begins with a short 
vertical rise of fixed time after which the vehicle is tilted or kicked over instantaneously 
at some small predetermined angle in the desired azimuth direction. During the vertical 
rise, the unit thrust vector f = Ro, where Ro is a unit vector in the direction of the 
radius vector at launch. At the end of the vertical rise, the relative velocity vector is 
rotated to the desired kick angle (measured from the horizontal) in the desired azimuth 
direction. 
the launch azimuth plane. Hence, 
A A  A 
A 
For the remainder of the boost trajectory, the unit thrust vector f is constrained to 
2 .  N = o  
where N is a unit vector normal to the launch azimuth plane. The component of the 
thrust vector that lies in the R - VR (pitch) plane lies along the relative velocity vector; 
that is, 
A A A 
f = KIVR + K2h 
where VR is a unit vector in the direction of the relative velocity and h is the unit rela- 
tive angular momentum vector given by 
The coefficients K1 and K2 are evaluated by using equations (Bl) and (BZ). Evaluating 
K1 and K2 and substituting them into equation (B2) yields 
4 
The equations for N in an equatorial rectangular coordinate system where the X-Z 
plane passes through Greenwich are 
34 
Nx = sin A COS p - COS A sin L sin 
N = -sin A sin L sin p - COS A COS p Y 035) 
NZ = cos L sin p 
where L and A are launch latitude and longitude, respectively, and p is launch 
azimuth angle measured from North in the horizontal plane. 
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APPENDIX C 
SELECTION OF OPTIMIZING EQUATIONS 
As described in the section UPPER PHASES, the Newton-Raphson iteration size is 
decreased by resorting to internal optimization procedures. These are of two types. The 
simplest to implement are those which require either satisfaction of a closed-form equa- 
tion or a very simple iteration at the beginning of a trajectory. These are adequately 
described in appendix B of reference 1. Of more complexity, both in selection and imple- 
mentation, are those which require that phases of the trajectory be terminated by opti- 
mizing equations. These are derived as explained in the section Boundary Value Problem 
of reference 1. It will be assumed that the reader has both access to and some knowledge 
of that report. The purpose of this appendix is to demonstrate how the optimization equa- 
tions (eqs. (45) to (51)) found in the analysis report are implemented. 
The optimization equations are evaluated at the beginning or end of the particular 
phases with which they are associated. The first optimized phase (a phase of unspecified 
duration) does not have an accompanying equation that may be evaluated during that phase. 
The remaining optimized phases all supply an optimizing equation that must be satisfied 
for optimum payload. If the structure factor for an optimized phase is nonzero, its opti- 
mizing equation is evaluated at the end of the phase; if it is zero, the equations must be 
evaluated at the beginning of the phase. As explained in reference 1 and noted herein, 
optimized phases may be terminated by evaluating the optimizing equations during the 
appropriate phases and terminating the phase when the equation reaches the desired 
value. As also noted earlier, phases that may be terminated in this manner remove an 
initial condition and a f inal  condition from the Newton-Raphson scheme. Of course, 
those optimizing equations that may not be satisfied by terminating a phase must be 
satisfied in the Newton-Raphson iteration. 
equations are used to terminate phases and which phases are placed in the Newton- 
Raphson iteration. These examples are for six-phase problems. Problems that require 
fewer than six phases are treated in an identical manner. 
Two examples are provided to demonstrate how the choices are made as to which 
The first example assumes that the kick angle is fixed. 
1 
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Optimized (0), fixed (F) 0 0 
Structure factor, k 0 0 
Evaluated beginning (B), I - I B I E 
0 
# O  
end (E) 
Equation number from 
reference 1 
Optimized (0), fixed (F) 
Structure factor, k 
Evaluated beginning (B), 
end (E) 
Equation number from 
reference 1 
From this chart, it may be seen that equation (51) must be satisfied between the 
booster and the first upper phase. This equation is satisfied by choosing the initial 
thrust  angle J/, such that the equation is satisfied, rather than by varying the booster 
duration as might be done. The booster duration is part of the Newton-Raphson iteration. 
There is no equation between the second and third phases; therefore, the second 
phase duration must also be in the Newton-Raphson iteration. There are two available 
equations between the third and fourth phases. Equation (47) may be used to terminate 
phase three, and equation (48a) must be satisfied in the iteration, where equation (48a) 
refers to  phase four. Equation (48a) (referenced to phase five) must be satisfied be- 
tween phases four and five and hence phase four may be terminated by using this equa- 
tion. There is no equation between phases five and six; therefore, the duration of phase 
five must be part of the iteration. 
F 
f O  
The sixth phase may be terminated by using equation (50) or it may be terminated 
when the desired energy is acquired. Either of these considerations may be used success- 
Iully to terminate the phase, while the other must be placed in the iteration. Termination 
3n energy proved to be more satisfactory from a convergence standpoint. It is used to 
terminate, leaving equation (50) to the iteration. 
In the second example, the kick angle is optimized. 
II Phase 5 
0 






# O  
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The fixed phases provide no optimization equations. The first and second phases are 
of fixed duration and therefore are terminated at the specified times. Note that, although 
phase three is of optimized duration, it is the first optimized phase and therefore pro- 
vides no optimization equation. Equation (48a) (referenced to phase four) may be used to 
terminate phase three since it is evaluated at the beginning of phase four. There is no 
equation to be evaluated between phases four and five. The duration of phase four must 
be placed in the iteration. Between phases five and six there is an equation available for 
terminating phase five. The sixth phase is of fixed duration and thus is terminated on 
time. 
optimized phase. Obviously, the equation must be satisfied in the iteration since the 
fixed phase would most conveniently be terminated on time. 











































Error  control parameter in integration scheme (ref. 3) 
Er ror  control parameter in integration scheme (ref. 3) 
Time interval to next DELMAX printout 
Correction factor for DELl 
Largest of relative e r rors  between Runge-Kutta and a 
second-order integration (ref. 3) 
Value of DELT for previous step 
Control parameter to restart integration scheme at dis- 
continuities and to override step size control 
Value of NSTAGE for previous step 
Control parameter for output control 
Control parameter for output control 
Control parameter for output control 
Ratio of adjacent step sizes (ref. 3) 
Relative e r ror  array,  array of quotients of absolute dif- 
ferences between Runge-Kutta and second-order inte- 
gration and some comparison parameter 
Control parameter for printout at beginning of integration 
and when scheme must be restarted 
Total number of good integration steps 



















1 Increments of integration variables per step (in RUNGEK), 
before ERRCIRZ is called; absolute differences between 



















Altitude at end of vertical rise 
Storage for latitude, longitude, azimuth at end of vertical 
r ise  (similar to ANGLES) 
Storage for semimajor axis for ellipsoidal planet model 
or  for radius of spherical planet model 
APT(1, J) is storage for kick angles (note that this variable 
occupies same storage as KPT) 
Time interval between entries in table 
ACYk for table in storage 
General array of conditions at end of vertical r ise  
General array for state conditions stored in table 
Propellant used prior to last phase (in which data in table 
are stored) 
Total hardware dropped before table storage begins 
Heat integral to end of vertical r ise 
Number of kick angles in table 
40 1 I
Variable 
Variable Common Definition 
location 
A 8 13 Semimajor axis of ellipsoidal planet 




































KPT(2, J) index noting position of data in storage, KPT(3, J) 
indicator for acceptability of data (indicates boost trajec- 
tory may have been unable to complete specified time) 
Number of kick angles which may be stored in table 
One of dimensions of VAR (see BOOST) 
Control parameter for oblateness 
Radius at end of vertical rise 
General array for DELTK and IKICK 
Time for end of table storage 
Weight at beginning of table storage 
General array for APT and KPT 
Storage for TMIN 
Time at beginning of last booster phase (table storage 
phase) 
Unit vector perpendicular to launch azimuth plane 
Storage for state conditions stored in table 
Velocity at end of vertical r ise  
Weight at end of vertical r ise  

























































Angles (1) latitude, Angles (2) longitude, Angles (3) 
azimuth, and Angles (4) elevation 
List of kick angles used in interpolation 
Drag reference area 
Altitude at lift -off 
Inertial azimuth heading (see ORBEL2) 
Relative azimuth heading (see ORBEL2) 
Semiminor axis of ellipsoidal planet model 
Desired final flight path angle 
Inertial flight path angle, three-dimensional model 
Relative flight path angle, three-dimensional model 
General staging parameter (see COAST) 
Drag coefficient 
Control parameter to reload DX array (see PFUIGRAM 
CONTROL VARIABLES 
Total allowed iterations of Newton-Raphson scheme 
Coefficient array for CD calculation (see QUAD) 
Conversion from meters to unit of length for problem 
Conversion from newtons to unit of force for problem 
Comparison parameters for convergence test 
Total nongravitational acceleration in X-, Y-, and Z-  i directions, three dimensional 
Constant defined in reference 1 (see CONEVL) equa- 
tions (11) and (41c) 
1 
Factor for converting pressure to required units from 
kilograms force per square meter 
Cosine Q 
See section OUTPUT CONTROL 

























































See section BOOSTER DATA 
Integration step size 
See section FINAL CONDITIONS 
Initial integration step size, booster 
See DELTK in section PROGRAM CONTROL VARIABLES 
Initial integration step size, upper phase 
G where w =OMEGA 
where q = PHI 
R 
Accelerations due to drag, X-, Y-, and Z-components 
W, where W = weight 
See section UPPER-PHASE DATA 
Derivative of time, equal to 1 
R 
Perturbation parameter, see directions in section 
k1 (ref. 1) 
A, (ref. 1) 
i3 (ref. 1) 
Eccentricity 
Kick angle, internal variable 
See section FINAL CONDITIONS 
Reference e r ror  parameter (ref. 3) 
Max integration e r ror  parameter (ref. 3) 
Natural logarithm of EREF 
Iteration control parameter (see section PROGRAM 
.. 
PROGRAM CONTROL VARIABLES 
CONTFOL VARIABLES) 







































ERROR(1) convergence tolerance, ERROR(2) tolerance 
for checking kick angle spacing 
Initial elevation angle 
Engine exit areas (see section BOOSTER DATA) 
Acceleration during upper phases 
FIXDTK = 1, ak and TB(1) fixed so only one booster 
needs be run, FKDTK = 2, no more boosters will be 
integrated, and FIXDTK = 3, normal mode 
Flow rates for upper phases (see section UPPER-PHASE 
DATA) 
Instantaneous flow rate during booster phase 
Instantaneous flow rate during upper phases 
Gravitational constant 
Accelerations due to thrust in X-, Y-, and Z-directions 
Thrusts during booster phase (see section BOOSTER DATA) 
Weights of propellants expended during upper phases 
Propellant required for impulsive maneuver 
Array containing deviations from desired final conditions 
for reference and perturbed trajectories (used in 
Newton-Raphson scheme) 
Array containing desired final conditions 
Nominal acceleration of gravity at surface of Earth 
Angular momentum vector H( l )  X-component, H(2) Y- 
component, H(3) Z-component, H(4) = H(1)2 +H(2) 
+H(3)2, and H(5) = 
2 
Hardware weights for upper phases 
Hardware weights for multiphase booster model 
Instantaneous value of heat integral during booster 



































Counter for loading table 
ICC(1) location in COEFN of coefficients used in CD inter- 
polation (see subroutine COEFNT) 
Array used to determine which phases are placed in iter- 
ation and which are terminated internally (see appendix 
C) 
Temporary storage for  IKICK, number of kick angles for 
which trajectories have been integrated 
IMODE = 0, integrating vertical rise; IMODE = 1, inte- 
grating booster; IMODE = 2, integrating upper phases; 
and IMODE = 3, table to be loaded 
Counter to indicate discrete burning times to be used in 
interpolation in BOOST 
Counter used to determine kick angles used in interpola- 
tion in BOOST 
Number of phase durations in Newton-Raphson iteration 
ITERAD = 1, kick angle in iteration, booster duration 
optimized in START; ITERAD = 2, kick angle ak in 
iteration; ITERAD = 3, kick angle ak fixed, PSI0 
optimized in START 
Size of Newton-Raphson iteration minus two 
ITERPD = 0, kick angle optimized; ITERPD = 1, kick 
angle fixed 
Array for determining proper equations for terminating 
phases in COAST 
Control parameter for COAST 
JDATA = 1, Newton-Raphson unconverged; JDATA = 2, 
Newton-Raphson converged; JDATA = 3, Newton- 
Raphson converged, but a propellant limitation has 
been exceeded 
Array for determining proper equations for optimizing 
phases in FINAL 
45 


























Index expediting selection of kick angles for interpolation 
Used in STEP to indicate converged and nonconverger 
output 
711 Number of phases being integrated at a given time; may be 
equal to 1, LAST1, or LAST2 
7 53 
890 
Number of booster segments 
















MASH = 0, problem proceeding normally; MASH = 1, if 
set to one in MAIN, then spacing too large; if set to one 
elsewhere, either the perturbation or  change in initial 
conditions is so large as to prevent internal optimization 
See section UPPER-PHASE DATA 
See section BOOSTER DATA 
See section BOOSTER DATA 
See section OUTPUT CONTROL 
See section OUTPUT CONTROL 
NCUTE = 0, last phase not terminated on energy; 
NCUTE = 1, last phase terminated on energy 
Number of damping operations allowed in iteration (see 
section PFtOGRAM CONTROL VARIABLES) 
See section PROGRAM CONTROL VARIABLES 
Maximum index in integration loop 
See section FINAL CONDITIONS 
Indicates fixed or variable phase duration (see section 
UPPER-PHASE DATA) 
Number of first optimized phase 
See section OUTPUT CONTROL 
NPRINT = 0, perturbation omitted; NPRINT = 1, pertur- 
bation printed 






































PERIOD 9 10 
PHI 4 03 
6 03 
PHlI 911 




See section DRAG MODEL 
NSHOT # 0, a single upper-stage trajectory is integrated 
Minimum index in integration loop 
Phase counter during integration 
Phase numbers of phases to be optimized in Newton- 
Raphson iteration 
Number of parameters stored in each table entry 
Acceleration due to oblateness in X-, Y-, Z-directions 
Fourth spherical harmonic coefficient in oblate earth 
model 
Third spherical harmonic coefficient in oblate earth model 
Second spherical harmonic coefficient in oblate earth 
model 





Partials of booster burnout conditions as function of ak 
and booster burning time 
See section BOOSTER DATA 
Period of orbit 
Polar angle traversed during upper phases 
Inertial travel angle during booster 
Relative travel angle during booster 
Propellant sensitive structure factors 






















































Thrust during booster 
Dynamic pressi'- 
QVAL = Q *AREA/W * G 
Radius 
at beginning of variational phase 
at beginning of variational phase 
Surface distance from launch site to projection of position 
on planet 
RB(1) X-component of radius vector; RB(2) Y-component 
of radius vector; RB(3) Z-component of radius vector; 
RB(4) = RB(1)**2 + RB(2)**2 + RB(3)**2; RB(5) = $m 
= radius 
Vertical velocity stored in table 
Radius of oblate earth 
See section BOOSTER DATA 
See section FINAL CONDITION 
Angular rotation rate of planet 
Instantaneous weight during upper phases 
Reference radius for spherical earth, used for altitude 
calculations 
Reference radius used to improve interpolation accuracy 
I 
for radius 
Parameters used in optimum staging equations 
SINAQ = SIN(ANGLES(J)), J = 1 , 4  
Sin 
See section UPPER-PHASE DATA 
See section BOOSTER DATA 
Maximum number of integration steps allowed 














mL(5 ,2 )  


































Phase duration list (see section UPPER-PHASE DATA) 
Phase durations for multiphase booster 
Booster burning time 
True anomaly 
Thrusts (see section UPPER-PHASE DATA) 
Time from launch 
(Yk, kickangle 
Vertical rise time 
See section OUTPUT CONTROL 
See section BOOSTER DATA 
See section UPPER-PHASE DATA 
Tolerances for iteration convergence and spacing (see 
section PF33GRAM CONTROL DATA 
Time of perigee 
Time of perigee departure 
Inertial distance traveled over planet surface during 
booster 
Phasing times 
Time at beginning of booster integration 
R 
Unit vector in direction of launch radius vector 
Velocity in upper phases 
Array containing altitude, vertical velocity, and horizontal 
velocity (a) from interpolation, (b) idormation stored 
in table 
















XDO T (1 00) 





























Relative velocity vector VATM(1) = VR ; VATM(2) = V 
X Ry 
VATM(3) = VR ; VATM(4) = VATM(1)**2 + VATM(2)**2 
2 
+ VATM(3)**2; VATM(5) = f l V ( T )  
Jet velocity 
Jet velocities for list of phases 
Velocity of sound 
Mach number 
Initial velocity at lift -off 
vx(1) = vx; vx(2) = vy; V(3) = v,; vx(4) = vx(1)**2 
+ VX(2)**2 + VX(3)**2; VX(5) = 
Instantaneous weight during booster phase 
Maximum propellants allowed in six phases 
Flows during booster phase (see section BOOSTER DATA) 
Initial gross weight 
Working set of integration variables 
Array of integration derivatives 
Initial values of variables being integrated in variational 
phases 
Array containing initial conditions for  reference and per - 
turbed trajectories in Newton-Raphson iteration 
Two 100-variable double-precision arrays; second is in- 
tegrated and first contains values of integration vari- 
ables for last good step (see table I) 
Inertial inclination of trajectory 
Relative inclination of trajectory 
h0, scale factor, (see ref. 1) 














ZLAM2 407 h2, Lagrange multiplier (see ref. 1) 
ZLAM3 408 h3, Lagrange multiplier (see ref. 1) 
ZLAM4 884 X4, Lagrange multiplier 
ZLAT 9 16 Latitude 
ZLONG 9 15 Longitude 
ZNODEI 923 Longitude of ascending node (inertial) 
6 07 
608 
TABLE I. - ELEMENTS OF INTEGRATION VARIABLE ARRAY XPRIM 
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APPENDIX E 
EQUIVALENCE TABLE 
T H E R E  A R E  F I F T Y - T W O  F O R T R A N  I V  R f l I J T I N E S  I N  T H I S  CODE. T H E S E  
A R E  L I S T E D  I N  A L P H A B E T I C  ORDER.  F O L L O W I N G  T H I S  L I S T  I S  A C O M P I L A T I O N  
I N T O  T H E  T H R E E  M A J O R  COMMON R L ( 3 C K S .  
O F  T H E  E B U I V A L E N C E D  V A R I A B L E S  I N  T H E  C O D E  B Y  L O C A T I O N ,  S E P A R A T E D  
L I S T  O F  R O U T I N E S  
1. A E R O  
3. A R C T A N  
4. B 0 0 S T  
5. C H E C K  
7. C O E F N T  
8. C O N E V L  
10. D A M O D E  
12. D A T A T M  
13. D E T E R M  
14. D O T  
15. E O l J A T l  
16. E O I J A T 2  
17. E R R O R Z  
2. A T M O S  
6. C O A S T  
9. C O N V T  
11. D A T A R  
18. F I N A L  
19. G U E S S  
20. I N V E R T  
21. I T E R A T  
23. M A I N  
24. M A I N A  
25. M A I N R  
26. O B L A T E  
22. L O A D  
SUB 
V A R I A B L E  B L O C K  
R E L E R R  R U N  
X I N C  R U N  
X I N C  R(JN 
X I N C  R U N  
A 1  R U N  
A 1  R lJN 
A 1  R l J N  
A 2  R U N  
A 2  R U N  
A 2  R U N  
D E L  1 R U N  
D E L 1  R U N  
D E L S T O  RIJN 




















28. O R B E L  
29. O R B E L Z  
30. O U T P T l  
31. O U T P T Z  
32. P E R D A T  
33. P E R T B  
34. Q U A D  
35. R E N D E R  
36. R U N G E K  
37. S A D D A  
38. S A D D B  
39. S C O M P  
40. S E T U P  
41. S I M P R O  
42. S O R T X Y  
43. S S T A G E  
44. S T A G E  
45. S T A R T  
46. S T D A T A  
47. S T E P  
48. S T G S S  
49. T H R U S T  
50. T U D E S  
51. X O L O A D  
52. Z M I N  
S U H R f l l J T  I N E  
E R R O R Z  
E R R I I R Z  
R U N G E K  
S T E P  
E R R D R Z  
R I J  [\I G F K 
S T E P  
E R R l J R Z  
RlJNGEK 
S T E P  
R U N G E K  
S T E P  
RIJNGEK 















D E L S T O  R U N  
E 2  R U N  
E 2  R U N  
E 2  R O N  
H 2  R U N  
H2 K U N  
H 2  R O N  
I R l J N  
I RlJN 
I R l l N  
N S T E P l  R lJN  
N S T E P l  K l J N  
N S T E P Z  R U N  
N S T E P 2  R U N  
N S T E P 3  R lJN  
N S T E P 3  RlUN 
R A T  I O  R U N  
R A T  I fl R U N  
S T E P G O  R U N  
S T E P N O  R U N  
S T E P G O  R U N  
S T E P G O  K l J N  
S T E P G O  R U N  
S T E P N D  R l J N  
S T E P N O  R lJN 
S T E P N O  R U N  
S C R I B E  R lJN  
S C R I B E  R l J N  
N S T A G l  R lJN  
N S T A G l  R l J N  
N S T A G l  R U N  
N S T A G l  R U N  
V A R I A B L E  
V E L  
F I R S T  
V F L  
O B L A T N  
O R L A T N  
O R L A T N  
A P K  
A 
A 
A L T  
A L T  
X S T n R O  
X S T I l R O  
T S P M  
T S P M  
T S P M  
WSTCIRE 
SUH 
B L O C K  
C M E  
C M E  
C M E  
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P E R D A T  
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C O A S T  
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32 
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V E L E X  C MA 
F U E L  C MA 
F U E L  CWA 
F U E L  C M A  
F U E L  C YA 
F U E L  C M A  
F U E L  C MA 
F L O W  C M A  
F L O W  C MA 
F L O W  C M A  
F L O W  C M A  
F L O W  C M A  
F I J E L D V  C M A  
F U E L D V  C M A  
F U E L D V  C M A  
N F I N A L  C M A  
N F I N A L  C M A  
N F I N A L  C M A  
N F I N A L  CMA 
B E T A  C M A  
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B E T A  C M A  
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P S I 0  C M A  
P S I  D O  C MA 
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Z L A M O  C M A  
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Z L A M 4  C M A  
Z L A M 4  C M A  
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Z L A M 4  C M A  
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S T A G E  
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J C O S T  
J C O S T  
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P A R  
V 
V 
A L T B  
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M O D E  
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C M B  
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S T A R T  
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T M I N B  C M H  
T M I N B  C M B  
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M O D E C  C M B  
N P R I N T  C M B  
N P R I N T  C M B  
K C M B  
K C M U  
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N O U T  C M B  
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N S A V E  CMR 
V C M B  
C O E F N  C M B  





















i i a o  




6 r  3 










S E T U P  40 
D A T A R  11 
S E T U P  40  
D A T A B  11 
MA I N A  2 4  
O U T P T Z  3 1  
D A M O D E  10  
D A T A B  11 
D A M O D E  10  
S E T U P  40  
S T E P  47 
P E R D A T  3 2. 
S T E P  47  
D A T A H  11 
OlJAD 34 
C O E F N T  7 
P E R D A T  32 
C O E F N T  7 
D A T A B  11 
C O E F N T  7 
C O E F N T  7 
O1JAD 34  
67 
111 11 I I 111 
i 
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APPEN DIX F 
TABLE FOR INPUT ROUTINE 
$ T A B L E  9 
813 = A  9 880 = A N G  9 809 = A R E A  9 798 = A S T A R T 9  788 = A Z M I J T H *  
8'14 =R 9 9 3 0 . = C L E A R  9 9 2 8 . = C M A X  11501 = C O E F N  T 717 = C O N M  9 
718 =CONN 9 8 6 1  z D E L T A V T  803 = D E L T R  , 1 0 5 8  = D F L T K  91163 = D E L M X  9 
1174 = b E L M X R q  A 6 3  = D R O P  7 931  = D E L T S T ,  9 3 8  = D X  9 892 = E N E R G Y *  
713 = E R E F  9 706 = E R L I M T T ~ O ~ ~  = E R R  91054  = E R R M X K 9 1 0 4 2  = E R R O R  9 
727 = E X I T 6  9 727 = E X I T S  9 8 3 7  = F L O W  T 733 = F L Q W B  715 = F M  T 
739 = F O R C E S T ~ O ~ ~  = F Y D  T 716 = G  9 843 = H A R D  9 721 = H A R D 6  7 
1 2 0 1 . = I C C  9 1 0 6 1 . = I M O D E  9 1 0 6 0 o = I T E R P D ,  7 5 3 . = L A S T  9 786 = L A T  9 
787 = L O N G  ~ l l 6 0 . = M 0 D E  * 1 1 7 2 o = M O D E H  T ~ ~ R O . = M O D E C  9 9 2 6 . = N D A M P  9 
1 0 5 7 . = N D U M P  9 8 7 9 . = N F I N A L 9  8 1 9 . = N O P T  ~ 1 1 8 l . = l J P R I N T ~ 1 1 9 5 . = N P K N T H ~  
~ ~ ~ ~ . = N P R N T C T ~ ~ ~ ~ . = N P R " S A V ~  r l 2 2 1 . = N S E T S  9 8 1 5  = O H L A T h ! ,  
1 0 5 5  = P E R 8  9 849 = P R O P  7 8 8 1  = P S I  7 8 8 2  = P S I D  9 9 2 7 . = R E R U N  9 
862 = R E S E R V v  799 = R E V O L V ,  904 = R O  ,1062 = K O A  v l l 6 h . = S T E P  9 
1 1 7 6 . = S T E P B  9 7 0 5 . = S T E P M X ,  8 2 5  = T B  9 745 = T I j O O S T 9  8 3 1  = T H R U S T ,  
1059 = T K I C K  9 8 0 4  = T K T I M E 9 1 1 6 9  = T M I N  71178  = T M I N B  91044 = T O L  9 
796 = T S T A R T 7 1 4 0 1  = V A R D E P , 1 3 0 1  = V A R I N D T  797 z V S T A R T T  8 5 5  = H P M A X  7 
720  =WTO 9 884 = Z L A M 4  / 
APPENDIX G 
SAM PLE PROBLEM 
AREA=855 . I S  REFERENCE AREA FOR DRAG 
1 c c = 1  . I S  DRAG COEFFICIENT LOCATION 
NSAVE-1 r J S  COEFFICIENT LOCATUN 
NS FTS- I 0 PSI 
V 1 R 1 N 0 = 0 ~ 0 . 0 7 ~ 0 . 1 5 ~ 0 . 3 0 ~ 0 . 5 0 ~ 0 . 5 7 , 0 . 6 5 . 0 . 8 B , 1 . 1 2 , 1 . 1 7 , 1 . 2 5 ~ ~ . 5 0 ~ 2 . ~ 0 ~ 2 . 5 0 ~ I S  
3 - 0 0 . 3 -  5 0 ~ 4 . 0 0 ~ 5 . 0 0 ~ 6 ~ 0 0 ~ 7 . 0 0 ~ 8 . 0 0 ~ S S  
VAROEP=1.15. L.15.1.15.0.80.0.45.0.44~0.46~0.70~0.90~0.~2~0.90~0.76~0.56~0.45~SI 
0 . 4 0 ~ 0 . 3 8 . 0 . 3 6 ~ 0 . 3 4 . 0 . 3 2 . 0 . 3 1 ~ 0 . 3 0 ~ S S  
LAT=28.3 v S S  LATITUDE 
LONG=279.5 V I S  LONGITUDE 
AZ W T H = ~ O  . I S  AZIUUTH HEAOlNG 
U T O - b . O 0 E + 0 6  . I S  I N I T I A L  GROSS UElCHT 
EXITS=7.8964431EtO4/ 144 r S I  ENGINE EXIT AREA 
RERUN=l v S S  FLAG FOR CHECKING SPACING 
UODEB=51.51 .SI BOOSlER OUTPJT INSTRJCTION 
uOOEC=2 . S I  BOOSTER O U T P J l  TYPE 
PER8=0.6.0.8 v S S  T A B L E  OELT SPACING 
TKTI  U E = l 5  .IS VERTICAL RISE TIME 
~n=142.250.  500 .IS GUESS AT PHASE DURATIONS 
THRUST=8. 664772 7E+O6.1.5E+O6.2.5E+05 - 2 )  1HRUSTS FOR THE PHASES 
FLIY=THRUST/305,THRUST( 2l/428.THRUSTl31 f 850 .IS FLOY FOR t H E  PHASES 
PROP=0.03r0.033. 0.12 * I S  STRUCTURE FACTORS 
NOPl=l. 1. I .IS PHASE OPTIUlZATION FLAGS 
PS 1=40f 57.3 .SI GUESS Ar P S I 0  
PSID=-0.05/57.3 .I$ GUESS AT P S I 0 0  
T K ICK=89. 4 v S S  GUESS AT KICK ANGLE 
ITERPO=O .SS KICK ANGLE IS OPTlUlZEO 
NF INAL= 1 . I S  FINAL CUNOITON TYPE FLAG 
FYO= 121*6076.1155tA . I S  FINAL R A O I U S  
ENERGY=-FUfFYOf 2 1 S S  FINAL ENERGY 
ING=O . S I  FINAL FLIGHT PATH ANGLE 
DELTAV=0.414*ZS492.311 . I S  DELTAV T O  ESCAPE 
HAR0=245000.70000.35000 ,SI  FIXEO HARDYARE *Ei(rnrs 
U O O E = b l .  5 2  .SI UPPER PHASE o u r p u r  FLAGS 
COEFFICIENTS 1. 41 
0 1.14999998 
-3.08333337 1.66666684 





0.34647418E-06 -0 0.15000000 
-2.94523606 0.50000000 1.26785628 
I. 72 756687 -0.44711671 I. 11999999 
I .  25000000 2.00003006 -1.14666656 
-0.75999999 0.1 1993999 3.00000000 
4.00000000 0.43999397 -0.19999996E- 
-0.99099458E-02 -0.18626451 E-08 E 0.0000000 
0 . 1.1500000 . 0.3464742E-069-0 *SI 
0~1500000 1-5749999 .-3.0833334 . 1.6666668 .IS 
0-5000000 v 1.2678563 .-2.9452361 0 2.6190445 . I S  
0.6500000 .-0.4740116 . 1.7215669 .-0.4471167 .IS 
1~1200000 .-6.0999199 11.849863 e-4.9999444 -11 
1.2500000 2.0000001 1-1.1466666 0.2133334 * S I  
7-0000000 . 1.5999999 .-0.7600000 . 0.1200000 r S S  
3.0000000 e 0.5200001 .-0.4000002E-01 r - 0  . S I  
4 ~ 0 0 0 0 0 0 0  . 0.4400000 ~-O.2000000E-01 .-0.1862645E-08. I S  
6 -  0000000 . 0 - 3 7 9 9 9 Y 8  .-0.9999946E-O2 .-0.1862645E -08.  SI 
80.000000 . 
A I  THRUST ONE THRUST FOUR FLOU UNt FLOU FOUR HARD ONE HARD FOJR 
A2 rHRUST l * O  THRUST F I V E  FLOU TU0 FLOU FIVE HARD T U 0  HARD FIVE 
A3 THRUST THREE THRUST S I X  FLOU 1HREE FLOU S I X  HARD THREE HARD S I X  
YE IGHT P S I  ALTI  r UOE ECCENTRICITY lN7. GAYMA 
ACCELLERATION P SI0 PERIGEE ALT 1 l U E  OF PERIGE OUEGA 
CAPPA KICK ANGLE RAD1 US TlUE PER OEP SE'I L A 1  REC 
U4 BURN T I H E  ONE BURN TIME FOUR UP UNt  UP FOUR 
us BURN T I U E  ruo BURN Tine FIVE UP TUO UP F I V E  
I& BURN T I U E  THRE MURN T I M E  S I X  UP THREE UP S I X  
b l  8664772.6 0 
A 2  1500000.0 0 
A3 250000.UO 0 
28409.090 0 
3504.6729 0 
294.11 765 0 
HARD ONE HARD FOIJl 
HARD r u o  HAilD FIVE 
HARD THREE HAP0 S I X  
YElGHT RAU. VtLOCITY HOR. VELOCITY ALTlTUOE INR. VE~ICITY 
82 STEPGOtSTEPNO RAOIUS ORaG PRE 55 URE HEAT INTEGRAL MACH NU'IBER 
600UUOO.O 0 1342.5289 -0.25 00300 1342.5289 
0 0.2090990t 08 0 2124.1934 0 0 
81 15.000000 5573863.6 144.40608 1342.1591 1023.0300 1349.9053 
0 0.2091092E 08 0 0 11523.263 0 
1.57499994 




. O  I - 0.1862645 I i - 09 
PROP ONE P90P FOUR 
P i 3 2  TU3 P?OP FIVE 
PR3P TH2EE PROP S I X  
INR. VEL0:IlYY DERIJO 
TRAVEL AYGLE a 4 0 .  E L K I T Y  
TRUE A N M A L Y  inR. v F L x r r Y  
q F =OUR Y F JNE 
4 F TU0 'I F FIVE 




1'42. G4YMA = L o u  
a T i R U S T  
0 28437.033 
0 7 4 9 9 9 + 1 .  z 
6.1409652 28409.090 
23.286503 7540853.3 
111ll  69 
1111 II I I Il I II 
81 TIME dEIGHT 
87 STEPGOISTEPNO RADIUS 
KICK ANCLE = 89.299999 
RAO. VELOCITY 
DRAG 
noR. v E L o c i r v  
P R E S S U R E  
ALTITUDE 
HEAT INTEGRAL 
I N * .  VELOCITY 







































8 1  
82 







































































0.9333217E 0 8  
123557.00 




0.9772675E 0 8  
134230 .OO 
0.9904409E 0 8  
1352.0924 





6 8  36.0428 





74 45.22 13 
5 -7292897 
























































































































25824. I 8 9  
1415 62 -75 
0.1014798E 09  
145296.75 
0.1026051E 09  
149376.75 
0.1336729t 09  
I529  03.50 
0.1046858E 39 
139.04000 
















4 6  
144.32000 

























































1 5  1.36000 
























































































































0.1125489E 09  
I1  102.258 
9.2660542 



































0.1131549E 09  
163.68000 
5 8  
203153.50 
0.1137262E 09 





0.1142614E 09  
212495.75 




















0.1152195E 09  
217301.00 
0.1152195E 09  
168.96000 
61  






























































































8 1  
82 



















































































5 .2  5520 59 
7209.7183 

































135 . 5 2 O U O  




4 5  
14o.noouo 
4 6  











0.7759251E 08  
16 5792 - 2 5  
0.7836585E 08 
170768.00 
0.7350378E 3 8  
175839 -25  
0.7830752E 08 
7418.6549 


















































4 9  
1 .C7 I 84000 
5 0  









7.4479 15 1 









3.8325587E O B  
202735 -50 
0.8352706E 08  
1750000.1 







15 I -36000 




























5 3  
165OOOO. I 
0.211183bE 00  
208446.25 
0.8J77138E 08 
2 142 77 .OO 













1 SI -88000 






























































5 9  
165.44000 








3.8179318E 0 8  
258894.75 


















2 .14  70740 
167.20000 
61 
I 6 8  -96000 
6 2  
1250000.1 




















6 2  
1200000.0 





K I C K  ANGLE = 89.499999 















































1 152 3.25 3 
1351.5918 
0 .1274009  
6002.6411 
4.4642369 
61  79.61 58 
4.5869120 
6361 .3465  




























3 6  
128.48000 

































































0.6248498E 08  
133.76000 
















8 6 6 4 0 5 4 . $  
137 2 800 0 
42 
139.04000 






















































































0-6372405E 0 8  
8488.0835 











































































































2 6.4 7433 6 
0.4240248 
81 158.40000 
82 5 4  
9034.788 1 




















0.445501 OE-J 2 
81 161.92000 
82 5 6  
81 163.68000 









53 72. I 4 7 8  
20.646622 
2803 3 5.25 
0.6413297E 08 































































82 60  
1200000.0 
0.212252OE 08 
B I  T I M E  Y E  I G H T  7AO. VELOCITY 
82 STEPGD+STEPNO RADIUS DRAG 
HDR. VELOCITY 
PRESSURE 





































0.899 504 7 
0.8128974 











82 4 3  





u 3  19 
U1 395.58308 
UZ 294.11765 
U3 19  
U1 999.28226 
U2 294.11765 
u 3  34 
U1 999.28226 
U2 294.11165 
u3 3 4  
5C73863.6 

































0.215468bE 3 8  
636969.2 5 
-0.1479273E 3 8  
0.215468bE 0 8  
























-0.1816063E 0 9  
437705.86 






1879 - 1 4 5 6  
-879.86337 
-0.415772 1E-0 1 





























I N R .  VELOCITY 
MACH N U M B E R  
:Lou  
TrlRUST 
81 TIME YEIGHT 
82 STEPUItSIEPNO RADIUS 
K I C K  ANGLE = 89.349999 




ALT I T U O E  
HEAT INTEGRAL 
81 15.000000 5 573863.6 144.40312 










I 1  52 3.26 3 
126336.00 

























81 126.72000 2400000.0 2208.0924 
82 40 io 0 .2103674~  on 36450.029 
81 128.48000 2350000.0 2243.1953 
82 41 10 0.2104066E 08 32666.899 
81 130.24000 2300000.0 2278.7472 














































8 1  
82 





















L O  
10 
10 















0.8729093E 0 8  
151288 - 0 0  

















2351 - 4 7 7 0  
23477.232 









































































4 7  
155593.00 














4 9  
144.32000 
5 0  
146.08000 




















































0.63 681 6 1 




























































154 -8  8000 
5 6  
156.64000 
5 7  
1600000.1 





































158 . 4 O O U O  
5 8  
lb. 11 7989 
17.584723 
160.16000 




6 1  
16 5 - 4400 0 
6 2  
14500UO. 1 
















L 1.n 11190 
15.961547 










O . Z L I ~ ~ ~ ~ E  08 
1250000.1 




















3.9554939E 08  
241496.53 





















I N * .  VELJCITY 
M A C H  NUqBER 
1351.9137 
0.1274009 




I 8  27338 - 7  
6.9077k46 
0.4522475E-01 
9545090 -6  
6.9077446 
0.4522475E-01 
9545090 - 6  
15.407806 
7.6226484 

















R? 4 2  













































63 9858.7 5 
-0.1478985E 3 8  
0.2 1 5497 5 E 3 8 
639858.75 




































u i  395.ro713 
U2 294.11765 




U I  998.86699 
U2 294.11765 





































533 8.852 7 

















ll11111lI I I I1 
T8=144 .SI FIRST STAGE OURATION 
SS NOIE THAT THE FIRST STAGE I S  F IXE0 I N  DURATION 
, $S  PHASE OPTIMIZATION FLAGS 
.SI 8oosrER o u r P J r  TYPE 




FLOY S I X  
HARD ONE 
HARO I Y O  
HARD THREE 
ECCENl R I C I T Y  
TIHE OF PERIGE 
r i n E  PER OEP 
rwusr  FOUL 
rHRusr FIVE 
r w u s r  six 
FLOY ONE 




HARD S I %  
INR. GA'lqA 
OMEGA 
SEM LAT R E C  
HARD FOUR 
HARD FIVE 




SEW LAT REC 
PROP ONE 
PROP THREE 
P ~ O P  Tu3 
PROP FOUR 
P9OP FIVE 
PROP S I X  
UE I G H I  
ACCELLERATION 
CAPPA 
BURN 11Rk FOUR 
BURN TIME FIVE 




PER130 INR. VELOCITVY 
TRAVEL AYGLE 7AO. VFLOZITY 




u4 BURN TIME ONE 
u5 BURN r w E  TWO 
Ub BURN T I M €  THRE 
A 1  8664772.6 
A 2  1500000.0 
A3 250000.00 
P S I  
P S I 0  









YP S I X  
HARD ON€ 
HARD THREE 
HARD ruo  
n F ONE 
M F TU0 







T I M E  OF PERIS= 

















'4 F FOUR 
M F FIVE 
'1 F S I X  
245100.00 








































INR TRVL 4N;L 
I YR.TR4VEL 
* E L  rRvL AN;L 
83 P S I  





















































0 -571 5596 
-0 

















0 -56 39655 
-859.60535 
























0 0.33 95469E -3 5 0 
u1 
u2 
u 3  
Ul 
u2 
u 3  
Ul 
u2 
u 3  
Ul 
UZ 





















1 5  
380.10155 
294.11765 
1 5  
26.753526 
89.362491 

















0.2166151E 0 8  
751 6 15 .50 
747313.30 














40.9 6477 1 
131.5 82 72 
5338.8527 
40.964771 































9 S S  FIRST I Y O  STAGE DURATIONS 
.IS PHASE OPTIMIZATION FLAGS 
~ ~ = 1 4 4 . 2 5 0  
NOPT=O.O. 1 ~ .  . 
SS NOTE THAT THE FIRST b N 0  SECOND STAGES ARE FIXED I N  DURATION 
A 1  THRUST ONE rHRusr FOUR FLOW ONE FLOW FOUR HARD ONE HARD FOUR 
AZ rHRusr  I U O  rnRusT FIVE FLOY ruo FLOW FIVE HARD ruo HARD FIVE 
A3 THRUST THREE THRUSl S I X  FLOY THREE FLOY S I X  HARD THREE HARD S I X  
PROP FOUR 
PQOP FIVE 
PQOP S I X  
t w .  v:Lozt r Y Y  
?AD. VELOCITY 
.(OR. VILO:ITY 
W F FOUR 
Y F ' I V E  
4 F S I X  
PROP ONE 
PROP THREE 
P R O P  rw 
U1 TIME YE IGHT P S I  i L r i  ruoE ECCENTRIC I T Y  I N7. GAYYA 
U2 FLOY ACCELLERATION P S I 0  PERIGEE ALT TIME OF PERIGE OMEGA 




IRE ONE BURN TIME FOUR UP ONE UP FOUR 
i n E  Twa BURN T I M E  FIVE UP ruo YP FIVE 
IME THRE BURN TIME S I X  YP THREE YP S I X  
HARD ONE HARD FOUR 
HARD Two HARD FIVE 
HARD THREE HARD S I X  
M F O V E  
'4 F THREE 





A 1  8664772.6 0 
A 2  1500000.0 0 












INR.  VELOClTY 










































T i R U S T  
INR TRVL PYGL 
?EL TRVL ANGL 
I YR.  T34VEL 
81 TIME L A T  I T U O E  
82 STEPGO+STEPNO LONGITUDE 
B3 P S I  INR. AZIMUTH 
84 P S I 0  REL. AZLMUTH 












R 2  0 
83 89.341623 
84  -1.3527791 
85 22896.708 





























-0.1983702E 3 8  
0.2107600E 38 
2342321.7 







8 1  144,00000 
82 44 
83 20.623329 


























u 2  
u3 


































-0.2312308E-01 -0 .136704lE 0 8  















-0 .4295053f -01  
578776.25 
-0.1367011E 08 



































747312 -25  
O.ZLbb087E 0 8  
872 . O d d 8 4  
294.1 1765 
2 9  
144 .OOOOO 































































S U B R O U T I N E  A E R O  Z A E R O O O l  
Z A E R 0 0 0 2  
D R A G  A C C 6 L E R A T I O N S .  A C C E L E R A T I O N  V E C T O R S  A R E  R E F E R E N C E D  T O  T H E  Z A E R 0 0 0 4  
R E L A T I V E  W I N D  V E L O C I T Y .  Z A E R 0 0 0 5  
T H E  D R A G  C O E F F I C I E N T  IS A S S U M E 0  T O  B E  A F U N C T I O N  O F  M A C H  Z A E R O O O 6  
N U M B E R  A N D  A T A B L E  OF C D  V S  M A C H  N U M B E R  IS A S S U M E D  A S  A F I T T E D  Z A E R 0 0 0 7  
O U A D R A T I C  E Q U A T I O N  I N  T H E  C O E F F I C I E N T  ARRAY.  $ A E R O 0 0 8  
T H E  C O N S T A N T  I N  T H E  Q E Q U A T I O N  IS 0.5*1*4. T H E  R A T I O  OF Z A E R 0 0 0 9  
S P E C I F I C  H E A T S  O F  A I R  IS A S S U M E D  T O  B E  A C O N S T A N T  = 1-40 Z A E R O O l O  
P A  H A S  U N I T S  O F  L B / F T / F T  A N D  V E L S D  F T / S E C .  Z A E R O O l l  
Z A E R 0 0 1 2  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M B ( 1 0 0 0 ’  Z A E R 0 0 1 3  
Z A E R O O  14 
D I M E N S I O N  D R A G  13 1 T R B  ( 5  ) * V A T M  ( 5  1 Z A E R O O  15 
O I M E N S I O N  V X  ( 5  1 Z AEROO 16 
S U B R O U T I N E  A E R O  C O M P U T E S  M A C H  N U M B E R ,  D Y N A M I C  P R E S S U R E ,  A N D  Z A E R 0 0 0 3  
E Q U I V A L E N C E  ( A R E A  , C M A ( 8 0 9 ) ) r ( C D  r C M A ( 8 1 2 ) ) r ( D R A G  r C M A ( 7 7 7 ) )  Z A E R 0 0 1 7  
E Q U I V A L E N C E  ( G r C M A ( 7 1 6 I ) , ( P A  * C M A ( 8 0 6 ) ) r ( Q  r C M A ( 8 0 7 ) )  Z A E R 0 0 1 8  
E Q U I V A L E N C E  ( Q V A L  t C M A ( 8 0 8 ) ) r ( R B  r C M A ( 7 5 4 ) ) , ( R E V O L V , C M A ( 7 9 9 ) )  Z A E R 0 0 1 9  
E Q U I V A L E N C E  ( V A T M  r C M A ( 7 6 4 ) ) r ( V E L S D  * C M A ( B l O ) ) r ( V M A C H  r C M A ( 8 1 1 ) )  Z A E R 0 0 2 0  
E Q U I V A L E N C E  I V X  ,CMA(754))r(WEIGHTrCMA(402)) Z A E R 0 0 2 1  
Z A E R 0 0 2 2  
C O M P U T E  R E L A T I V E  V E L O C I T Y  Z A E R 0 0 2 3  
VATM(l)=VX(lI+REVOLV*RB(2) Z A E R 0 0 2 4  
V A T M ( 2 ) = V X ( 2 ) - R E V O L V * R B ( l )  Z A E R 0 0 2 5  
V A T M ( 3 ) = V X ( 3 )  2 A E  R O O 2  6 
V A T M 1 4 ) = D O T ( V A T M v V A T M )  Z A ER 002 7 
V A T M ( S ) = S Q R T ( V A T M ( 4 ) )  Z A E R O 0 2  8 
Z A E R 0 0 2 9  
C O M P U T E  M A C H  N U M B E R  Z A E R 0 0 3 0  
V M A C H = V A T M ( 5 ) / V E L S O  Z A E R 0 0 3  1 
Z A E R 0 0 3 2  
Z A E R 0 0 3 3  
C O M P U T E  D Y N A M I C  P R E S S U R E  Z A E  ROO 34 
Q = V M A C H * * 2 * P A * 0 . 7  Z A E R 0 0 3 5  
Z A E R 0 0 3 6  
Q V A L = Q * A R E A / W E I G H T * G  Z A E R 0 0 3 7  
Z A E R 0 0 3 8  
FIND D R A G  C O E F F I C I E N T  Z A E R 0 0 3 9  
C D = Q U A D ( V M A C H ,  1)  Z A E R 0 0 4 0  
Z A E R 0 0 4 1  
C O M P U T E  D R A G  A C C E L E R A T I O N S  Z A E R 0 0 4 2  
I F ( V A T M ( 5 ) . E Q o O . O )  R E T U R N  Z A E R 0 0 4 3  
D O  1 K = 1 r 3  Z A E  R O O 4 4  
1 D R A G ( K ) = - G D * Q V A L * V A T M O / V A T M ( S )  Z A E R 0 0 4 5  
Z A E  R O O 4 6  
R E T U R N  Z A ER 0047 
E N D  Z A E  R O O 4 8  
76 
111 1111 II 1111 II I II 
S U B R O U T I N E  ATMOS 
C 
C S U B R O U T I N E  A T M O S  S U P P L I E S  A T M O S P H E R I C  P R E S S U R E  A N D  V E L O C I T Y  
C O F  S O U N D  A S  A F U N C T I O N  O F  A L T I T U D E .  
C 
COMMON / S C d M 0 0 /  A ~ A L T H A R D C T P A R D C ~ D E N A R D ~ T A R D C T Y P A T , A L T P A T T  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M B ( 1 0 0 0 )  
~ G M O R ~ O N E B Y R T P ~ T D E N S ~  
COMMON / A T A B L E /  C M E I 8 0 0 0 )  
C 
D I M E N S I O N  A (69493 ) T A L  (10 ) 9 O E N A R D ( 1 0  1 
D I M E N S I O N  H A R D C  (10 1 9 P A R D C  (10  I T P O W E R  ( 3  1 
D I M E N S I O N  R B  ( 5  ) ? T A R D L  (10 ) * Y P A T  ( 4  ) 
E Q U I V A L E N C E  ( A L T  r C M A ( 8 0 5 )  ) r ( A P R  T C M E ( O O ~ ) ) T ( B  r C M A ( 8 1 4 ) )  
E Q U I V A L E N C E  ( C O N M  r C M A ( 7 1 7 ) ) r I C P A  T C M A ( ~ ~ ~ ) ) T ( ~ B L A T N T C M E ( O O ~ ) )  
E Q U I V A L E N C E  ( P A  9 C M A ( 8 0 6 )  ) T ( R  * C M A ( 7 5 8 ) ) r ( R B  r C M A ( 7 5 4 ) )  
E Q U I V A L E N C E  ( R B S Q  r C M A ( 7 5 7 ) ) 9 ( V E L S D  q C M A ( 8 1 0 ) )  
D A T A  A M O L 1 / 2 8 . 9 6 6 /  





C D E T E R M I N E  I F  O B L A T E  S P H E R O I D A L  OR S P H E R I C A L  E A R T H  I S  M O D E L  
C 
I F ( O B L A T N . N E . O . D I  GO T O  1 
A L  T=R-A P R  
G O  T O  2 
1 A L T = R - A P R * B /  S Q R T ( B * * 2 + ( A P R * * 2 - B * * 2 ) * R B ( 3 ) * * 2 / R B S U )  
C C O N V E R T  T O  M E T E R S  F O R  I N T E R N A L  C O M P U T A T I O N S  
C B E L O W  ALTPAT....USE P A T R I C K  A F B  M O D E L  F I T  
t A B O V E  ALTPAT....USE A R D C  1959 M O D E L  F I T  
2 A L T M = A L T / C O N M  
IF(ALTM-ALTPAT.GT.O.O) G n  TO 6 
N = l  
C D E T E R M I N E  A L T T A B I E  I N T E R V A L q Y P A T .  I N C R E M E N T  N U N T I L  L E V E L  I S  
C FOUND.  
3 I F ( A L T M . L T . Y P A T ( N ) )  G O  T O  4 
N = N + l  
GO T O  3 
C P O L Y N O M I A L  I N  A L T I T U D E  D E T E R M I N E D  
4 DO 5 J = l t 3  
5 P O W E R ( J )  = ( ( ( ( A ( 6 7 N , J ) * A L T M  + A ( S T N ~ J ) ) * A L T M  + A ( 4 9 N t J ) ) * A L T M  + 
1 A ( ~ ~ N T J ) ) * A L T M  + A ( ~ ~ N T J ) ) * A L T M  + A ( 1 9 N 9 J )  
P R E S S  = P l * E X P ( P O W E R ( l ) )  
D E N S E  = D E N S l * E X P ( P O H E R ( Z ) )  
T E M P  = P O W E R ( 3 )  
GO TO 16 
C G E O P O T E N T I A L  A L T I T U D E  C O M P U T E D  
6 H A L T  = 6 3 3 9 2 6 0 o O * A L T M / ( A L T M  + 6344520.0) 
N = l  
C D E T E R M I N E  A L T I T U D E  T A B L E  I N T E R V A L 9  HARDC.  I N C R E M E N T  N U N T I L  
C L E V E L  I S  F O U N D  
N = N + l  
GO TO 7 
7 I F ( H A L T . L T . H A R D C ( N + l ) )  GO T O  8 
C I F  A L  ( T E M P E R A T U R E  G R A D I E N T )  I S  N O T  C O N S T A N T  ( I N D I C A T E D  B Y  
Z A T M O O O l  
Z A T M 0 0 0 2  
Z A T M 0 0 0 3  
Z A T M 0 0 0 4  
Z A T M 0 0 0 5  
Z A T M 0 0 0 6  
Z A T M 0 0 0 7  
Z A T M 0 0 0 8  
Z A T M 0 0 0 9  
Z A T M O O l O  
Z A T M O O l l  
Z A T M O O 1 2  
Z A T M 0 0 1 3  
Z A T M 0 0 1 4  
Z A T M 0 0 1 5  
Z A T M 0 0 1 6  
Z A T M 0 0 1 7  
Z ATMOO 1 8  
Z ATMOO 19 
Z A T M 0 0 2 0  
Z A T M 0 0 2 2  
Z A T M 0 0 2 3  
Z A T M 0 0 2 4  
Z A T M 0 0 2 5  
Z A T M 0 0 2 6  
Z A T M 0 0 2 7  
Z A T M 0 0 2 8  
Z A T M 0 0 2 9  
Z ATMOO 3C 
Z A T M 0 0 3 1  
Z A T M 0 0 3 2  
Z A T M 0 0 3 3  
Z A T M 0 0 3 4  
Z A T M 0 0 3 5  
Z A T M 0 0 3 6  
Z A T M 0 0 3 7  
Z ATMOO 3 8 
Z A T M 0 0 3 9  
Z A T M 0 0 4 0  
Z A T M 0 0 4 1  
Z A T M 0 0 4 2  
Z A T M 0 0 4 3  
Z A T M 0 0 4 4  
Z A T M 0 0 4 5  
Z A T M 0 0 4 6  
Z A T M 0 0 4 7  
Z A T M 0 0 4 8  
Z A T M 0 0 4 9  
Z A T M 0 0 5 0  
Z A T M 0 0 5 1  
Z A T M 0 0 5 2  
Z A T M 0 0 5 3  
Z A T M 0 0 5 4  
Z A T M 0 0 5 5  
Z A T M 0 0 5 6  

















1 5  
16 
Z E R O ) 9  C O M P U T E  P A R A M E T E R S  A S  F U N C T I O N S  O F  M O L E C U L A R  W E I G H T  
R A T I O .  
I F ( A L ( N ) . E O . O . O )  GO T O  9 
I F  A L  I S  C O N S T A N T  ( N O N - Z E R O )  C O M P U T E  W I T H  S I M P L I F I E D  
R E L A T  IO.NSH I P . 
T E M P  = T A R D C ( N 1  + A L ( N ) * ( H A L T - H A R D C ( N ) )  
A M U L T  = T A R D C ( N ) / T E M P  
P R E S S  = P A R D C ( N ) * A M U L T * * ( G M O R / A L ( N ) )  
GO TO 1 5  
C O N V E R T  T O  K I L O M E T E R S 9  F I N D  R E G I O N  B Y  H A L T K M  I N  ( 0 ~ 9 0 ) ~  
( 9 0 ~ 1 8 0 ) ~  OR ( 1 8 0 ~ 1 N F ) .  
H A L T K M  = H A L T / 1 0 0 0 . 0  
K = l  
I F ( H A L T K M o G T . 9 0 . 0 )  K = 2 
I f ( H A L T K M o G T o 1 8 0 o O )  K = 3 
GO T O  ( 1 0 ~ l l r l 2 ) r K  
T E M P  = T A R D C ( . N )  
GO T O  14 
GO T O  13  
T E M P  = T A R D C ( N ) * A M O L l / A M O L E  
P R E S S  = P A R D C ( N ) * A M U L T  
A M O L E  = 22.0 - 5 . 0 4 4 8 3 5 7 4 * A T A N 2 ( H A L T K M - Z 2 0 o 0 9 2 2 5 0 0 )  
A M O L E  = 27.106 - 7.9356971*ATAN2(HALTKM-l8OoOvl4OoO) 
A M U L T  = EXP(-GMOR*(HALT-HARDC(N))/TARDC(N)) 
D E N S I T Y 9  V E L S D 9  P A  C O M P U T E D  F O R  P R O G R A M  U S E .  
V E L S D  = ( F P S ) ?  P A  = ( P S I ) .  
D E N S E  = A M O R * P R E S S / T E M P  
V E L S D  = SQRT(1.40*PRESS/DENSE)*CONM 
P A  = C P A * P R E S S  
R E T U R N  
E N D  
Z A T M 0 0 5 7  
Z A T M 0 0 5 8  
Z A T M 0 0 5 9  
Z A T M 0 0 6 0  
Z A T M 0 0 6  1 
Z A T M 0 0 6 2  
Z A T M 0 0 6 3  
Z A T M 0 0 6 4  
Z A T M 0 0 6 5  
Z A T M 0 0 6 6  
Z A T M 0 0 6 7  
Z A T M 0 0 6 8  
Z A T M 0 0 6 9  
Z A T M 0 0 7 0  
Z A T M 0 0 7 1  
Z A T M 0 0 7 2  
Z A T M 0 0 7 3  
Z A T  MOO 74 
Z A T M 0 0 7 5  
Z A T M 0 0 7 6  
Z A T M 0 0 7 7  
Z A T M 0 0 7 8  
Z A T M 0 0 7 9  
Z A T M 0 0 8 0  
Z A T M 0 0 8 1  
Z A T M 0 0 8 2  
Z A T M 0 0 8 3  
Z A T M 0 0 8 4  
Z A T M 0 0 0 5  
Z A T M 0 0 8 6  
Z A T M 0 0 8 7  
F U N C T I O N  A R C T A N  ( Y r X )  Z A R C O O O l  
Z A R C 0 0 0 2  
C Z A R C 0 0 0 3  
C T H E  F O R T R A N  I V  L I B R A R Y  A T A N ( +  OR - Z = T A N ( T H E T A ) ) U S E S  A S I N G L E Z A R C 0 0 0 4  
C A R G U M E N T  W I T H  I T S  S I G N  T O  G I V E  T H E T A  I N  T H E  F I R S T  ( + Z )  OR F O U R T H  Z A R C 0 0 0 5  
C ( - 2 )  Q U A D R A N T .  T H E  A R C T A N  F U N C T I O N  M A Y  B E  U S E D  I F  + OR - Z I S  Z A R C 0 0 0 6  
C D E R I V E D  F R O M  A F R A C T I O N  SO T H A T  A R C T A N  ( Y / X )  = T A N - 1  Z A R C 0 0 0 7  
C ((+OR-Y=SIN(THETA))/(+OR-X=COS(THETA)))o T H l J S  T H E  A R C T A N ( Y / X )  Z A R C 0 0 0 8  
C G I V E S  T H E T A  I N  I T S  P R O P E R  Q U A D R A N T  F R O M  -180 D E G R E E S  T O  +180  Z A R C 0 0 0 9  
C D E G R E E S .  Z A R C O O l 0  
C Z A R C O O l l  
IF ( x )  2 9 1 9 2  Z A R C O O l 2  
1 ARCTAN=SIGN(l0570796329Y) Z A R C 0 0 1 3  
GO T O  4 Z ARC 00 14 
2 A R C T A N = A T A N ( Y / X )  Z A R C 0 0 1 5  
I F  ( X I  39194 Z A R C O O l 6  
3 A R C T A N = A R C T A N + S I G N ( 3 . 1 4 1 5 9 2 6 5 v Y )  Z A R C 0 0 1  7 
4 R E T U R N  Z A R C O O l 8  
E N D  Z A R C 0 0  19 
78 





S U B R O U T I N E  B O O S T  P R O V I D E S  A T W O - D I M E N S I O N A L  S E C O N D  O R D E R  
C U R V E  F I T  O F  B O O S T E R  B I J R N O U T  C O N D I T I O N S .  T H E  I N T E R P O L A T I O N  
E Q U A T I O N  I S  
Z = A + B X  i C Y  + D X Y  + E X X  + F Y Y  
T H E  P A R T I A L  D E R I V A T I V E S  O F  T H E  A L T I T l J D E r  R A D I A L  V E L O C I T Y r  
A N D  A N G U L A R  V E L O C I T Y  W I T H  R E S P E C T  T O  K I C K  A N G L E  A N D  B O O S T E R  
B U R N I N G  T I M E  A R E  O B T A I N E D  B Y  D I F F E R E N T I A T I N G  T H E  I N T E R P O L A T L O N  
E Q U A T I O N .  
T H E  C O E F F I C I E N T S  A R E  C A L C U L A T E D  B Y  D E T E R M I N A N T S .  
L 
COMMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M B ( 1 0 0 0 )  
D I M E N S I O N  V A R ( N V A R r N K 1 C K S )  
D I M E N S I O N  A ( 6  I r A P T M A X ( 3  1 rB ( 6  ~6 1 
D I M E N S I O N  C O N  ( 6  r 6  )TI ( 6  ) r I T B  ( 3  1 
D I M E N S I O N  I T K  ( 3  r K S  ( 3  I T P A R  ( 6  92 1 
D I M E N S I O N  S T B  ( 6  ) TV ( 6  1 
E Q U I V A L E N C E  ( A P T M A X ~ C h t 5 ( 1 2 6 ) ) r ( D E L T B  r C M E ( O l 6 ) ) r ( D E L T K  ~ C M E ( 1 9 9 1 )  
E Q U I V A L E N C E  ( I T B  r C M B ( 1 2 3 ) ) r ( I T K  T C M B ( ~ ~ O ) ) T ( P A R  r C M B ( 1 4 2 ) )  
E Q U I V A L E N C E  ( R O A  r C M B ( 0 6 2 ) ) r ( T B U R N  ~ C M B ( ~ ~ ~ ) ) ~ ( T M I N S T T C M E ( O ~ ~ ) )  
E Q U I V A L E N C E  ( V  T C M B  ( 154 1 )  
D A T A  ( K S ( I ) r I = l r 3 ) / 1 ~ 4 ~ 6 /  
COMMON / A T A B L E /  C M E ( 8 0 0 0 )  
r 
L 
C S E T  U P  D E T E R M I N A N T  F O R  C O M P U T I N G  D. N O T E  T H A T  T H E  K I C K  A N G L E  
C T E R M S  A R E  N O R M A L I Z E D  T O  T H E  D E S I R E D  K I C K  A N G L E  ( S E E  M A I N A )  A N D  
C T H E  B U R N O U T ' T I M E  T E R M S  T O  T H E  D E S I R E D  B U R N I N G  T I M E  
DO 1 J = l r 3  
B ( K r Z ) = A P T M A X ( J ) / D E L T K  
K = K S ( J )  
1 B ( J I ~ ) = ( T M I N S T + F L O A T ( I T B ( J ) - ~ ) * D E L T B - T B U R N ) / D E L T B  
B ( Z r Z ) = B ( l r Z )  
B ( 31 2 ) = B  ( 1 T 2 1 
B ( 5 12 )=B  ( 4 9 2  1 
B ( 4 ~ 3 ) = 8 ( 1 ~ 3 )  
B ( 6 r 3 ) = B ( l r 3 )  
6 ( 5 ~ 3 ) = B ( 2 ? 3 )  
K A = O  
D o  2 J = l r 3  
J A = 4 - J  
DO 2 K = l r J A  
K A = K A + l  
I(KA)=25*(ITK(J)-l)+ITB(K) 
B ( K A  9 1 )  = l e 0  
B ( K A ~ ~ ) = ~ ( K A , ~ ) ~ ~ ( K A T ~ )  
B ( K A T ~ ) = B ( K A T ~ ) * * ~  
2 R ( K A r 6 ) = B ( K A r 3 ) * * 2  
C 
C L A L L  D E T E R M  T O  C O M P U T E  D 
C 
C C O M P U T E  C O E F F I C I E N T S  ( C O N )  O F  I N T E R P O L A T I O N  E Q U A T I O N .  
C A L L  D E T E R M ( B r D r 6 r 6 )  
J l = I ( l )  
DO 5 K = l t N V A R  
DO 3 M = 1 9 6  
z B o o o o o l  
Z B 0 0 0 0 0 2  
Z B D 0 0 0 0 3  
Z B 0 0 0 0 0 4  
2 B 00 0 00 5 
Z B 0 0 0 0 0 6  
Z 8 0 0 0 0 0 7  
2 B 000008 
Z B 0 0 0 0 0 9  
zB0000  10 
Z B O O O O l l  
z B O O 0 0  12 
ZBOOOO 13 
Z BOOOO 14 
2 8 0 0 0 0 1 5  
Z B D 0 0 0 1 6  
Z BOOOO 17 
z B O O O O l 8  
Z BOOOO 19 
zB000020  
Z B O O O O 2 1  
zB000022 
Z B 0 0 0 0 2 3  
2 8 0 0 0 0 2 4  
Z B 0 0 0 0 2 5  
Z B O O 0 0 2 6  
Z B 0 0 0 0 2 7  
Z B O D 0 0 2  8 
Z B 0 0 0 0 2 9  
Z B 0 0 0 0 3 0  
Z B O O 0 0 3  1 
Z B 0 0 0 0 3 2  
Z B O O 0 0 3 3  
Z B 0000 34 
Z B D 0 0 0 3 5  
Z B O O 0 0 3 6  
Z B 0 0 0 0 3 7  
Z BOOOO 38 
Z B 0 0 0 0 3 9  
Z B O 0 0 0 4 0  
Z B 0 0 0 0 4 1  
Z B 0 0 0 0 4 2  
Z B 0 0 0 0 4 3  
Z B 0 0 0 0 4 4  
Z B 0 0 0 0 4 5  
Z B 0 0 0 0 4 6  
Z B 0 0 0 0 4 7  
Z B O O 0 0 4  8 
Z B 0 0 0 0 4 9  
Z B 0 0 0 0 5 0  
Z B 0 0 0 0 5 1  
Z B 0 0 0 0 5 2  
Z B O O 0 0 5 3  
Z B 0000 54 
Z B O O 0 0 5 5  
Z B O O 0 0 5 6  
79 
J2= I  ( M I  
3 A ( M ) = V A R ( K T J ~ ) - V A R ( K T J ~ )  
D O  5 L = 1 9 6  
D O  4 J = 196  
S T R  ( J 1 =R ( J T L  1 
C A L L  D E T E R M ( B T C O N ( L I K ) T ~ T ~ )  
DO 5 J = l ~ h  
4 F ~ ( J T L ) = A ( J )  
5 R ( J , L ) = S T B ( J )  
C 
C 
C V ( 1 )  A L T I T U D E  
C V ( 2 )  R A D I A L  V E L O C I T Y  
C V ( 3 )  H O R I Z O N T A L  V E L O C I T Y  
C 
C P A R  C O N T A I N S  D E R I V A T I V E S  
C P A R ( K 9 1 )  W I T H  R E S P E C T  T O  B U R N I N G  T I M E .  
C P A R ( K 9 2 )  W I T H  R E S P E C T  TO K I C K  ANGLE.  
D O  6 K = l 9 N V A R  
V ( K ) = C O N ( ~ T K ) / D + V A R ( K T J ~ )  
P A R ( K I ~ ) = C O N ( ~ T K ) / D / D E L T H  
6 P A R ( K ~ ~ ) = C O N ( ~ T K ) / D / D E L T K  
R A D  = R O A + V ( l )  
DO 7 K = 1 9 2  
7 P A R ( ~ ~ K ) = P A R ( ~ T K ) / R A D - V ( ~ ) / R A D * * ~ * P A R ( ~ ~ K )  
C 
R E T U R N  
E N D  
2 6 0 0 0 0 5 7  
Z B O 0 0 0 5 8  
2 8 0 0 0 0 5 9  
Z 6 000060 
2 6 0 0 0 0 6 1  
Z 6 000062 
Z 6 0 0 0 0 6 3  
Z 6000064 
Z 6 0 0 0 0 6 5  
Z F3 000066 
Z R 0 0 0 0 6 7  
Z 6 000068 
Z 6 0 0 0 0 6 9  
2 6 0 0 0 0 7 0  
28000071 
Z B 0000 7 2 
Z 6000073 
Z 6 0 0 0 0 7 4  
26000075 
Z 6000076 
2 B 0 0 0 0 7 7  
Z 6 00007 8 
Z B 0 0 0 0 7 9  
Z 6000080 
Z B O O O O 8  1 
2 6000082 
Z 6 0 0 0 0 8 3  








S U B R n l l T  I N E  C H E C K  Z C H E O O O l  
Z C H E 0 0 0 2  
S U B R O U T I N E  C H E C K  C O M P A R E S  T H E  P R O P E L L A N T  L O A D I N G S  O F  T H E  Z C H E 0 0 0 3  
O P T I M I Z E D  C A S E  W I T H  P R E L O A D E D  V A L U E S .  I F  A P R O P E L L A N T  L O A D I N G  Z C H E 0 0 0 4  
T H E  T I M E  S I K H  T H A T  E X A C T L Y  T H E  S P E C I F I E D  AMOlJNT [ I F  P R O P E L L A N T  I S  Z C H E 0 0 0 6  
[ J T I L I Z E D  A N D  P H A S E  T I M E  I S  F I X E D .  Z C H E 0 0 0 7  
Z C H E 0 0 0 8  
COMMON / C S T A R /  C M d ( 1 0 0 0 ) ~ C M B ( 1 0 0 0 )  Z C H  E 0 0 0 9  
D I M E N S I O N  F L O M X  ( 6  I T F U E L  ( 6  J r J E N D  (20  1 Z C H E O O l O  
D I M E N S I O N  N O P T  ( 6  1 T T B  ( 6  1 T T K  ( 6  1 Z C H E O O l l  
D I M E N S I O N  WPMAX ( 6  1 Z C H E 0 0 1 2  
( F U E L )  E X C E E D S  I T S  L I M I T  ( W P M A X ) *  T H E  B U R N I N G  T I M E  I S  S H O R T E N E D  T O Z C H E 0 0 0 5  
E Q U I V A L E N C E  ( F L O M X  r C M A ( 8 3 7 ) ) * ( F U E L  ~ C P ~ A ( ~ ~ ~ ) ) ~ ( F U E L D V T C M A ( ~ ~ ~ ) )  Z C H E 0 0 1 3  
E Q U I V A L E N C E  ( J D A T A  T C M A ( 9 2 5 ) ) 9 ( L A S T  T C M A ( 8 9 0 ) ) r ( N O P T  r C M A ( 8 1 9 ) )  Z C H E 0 0 1 4  
E Q U I V A L E N C E  ( T B  t C M A ( 8 2 5 ) ) t ( W P M A X  r C M A ( H 5 5 ) )  Z C H E 0 0 1 5  
1 S I X T H /  Z C H E 0 0 1 7  
D O  2 J = l r L A S T  Z C H E O O l 8  
Z C H E 0 0 1 9  
C H E C K  F O R  E X C E S S  P R O P E L L A N T  U T I L I Z A T I O N  B Y  E A C H  P H A S E  Z C H E 0 0 2 0  
I F ( H P M A X ( J ) . E O . O . O . O R ~ F U E L ( J ) o L E o W P M A X ( J ) )  GO TO 2 Z C H E 0 0 2 1  
Z C H E  00 2.2 
I F  J D A T A  E Q U A L S  T H R E E 9  T H E  C A S E  W I T H  T H E  E X C E S S  P R O P E L L A N T  Z C H E 0 0 2 3  
H A S  B E E N  P R I N T E D .  Z C H E 0 0 2 4  
I F ( J D A T A . N E . 3 )  GO T O  1 Z C H E 0 0 2 5  
Z C H E 0 0 2 6  
F I X  B U R N I N G  T I M E  O F  O F F E N D I N G  P H A S E  Z C H E 0 0 2 7  
T B ( J ) = W P M A X ( J ) / F L O M X ( J )  Z C H E 0 0 2 8  
Z C H E 0 0 2 9  
W R I T E  ( 6 9 3  1 T K ( J ) r T B ( J )  Z C H E 0 0 3 0  
Z C H E 0 0 3 1  
S E T  N O P T  TO Z E R O  FOR O F F E N D I N G  P H A S E  Z C H E 0 0 3 2  
1 N O P T ( J ) = O  Z C H E 0 0 3 3  
Z C H E 0 0 3 4  
2 C O N T I N U E  Z C H E 0 0 3 5  
3 F O R M A T  ( l H O ~ l X * l A 6 9 3 7 H  S T A G E  B U R N I N G  T I M E  H A S  B E E N  F I X E D  A T 9  Z C H E 0 0 3 6  
l l X t G 1 4 . 7 ~ 9 H  SECONDS,)  Z C H E 0 0 3 7  
R E T U R N  Z C H E 0 0 3 8  
E N D  Z C H E 0 0 3 9  

























S U B R U J T I N E  C O A S T  
S U B R O U T I N E  C O A S T  T E R M I N A T E S  A P H A S E  WHEN SOME D E S I G N A T E D  
P A R A M E T E R  R E A C H E S  A D E S I R E D  V A L U E .  T O  E N A B L E  T H E  U S E R  TO 
F A M I L I A R I Z E  H I M S E L F  W I T H  T H E  O R I G I N  A N D  U T I L I T Y  OF T H E S E  
O P T I M I Z A T I O N  O F  M U L T I S T A G E  L A U N C H  V E H I C L E S  ( N A S A  T N - 3 1 2 1 )  
B Y  T H E  A U T H O R S  I S  P R O V I D E D .  C A P P A D  I S  T H E  D E S I R E D  V A L U E  
T E R M I N A T I N G  E Q U A T I O N S 9  T H E  E Q U A T I O N  N U M B E R S  F R O M  P A Y L O A D  
W H I C H  C A P P I N  M U S T  E Q U A L  F O R  S T A G E  T E R M I N A T I O N .  I T  M A Y  R E  
S E E N  T H A T  I N  T H E  A F O R E M E N T I O N E D  R E P O R T 9  T H E  C A P P A D  S 
A P P E A R  O N  T H E  R I G H T  S I D E  O F  T H E  E Q U A L  S I G N S  A N D  THE C A P P I N  5 
O N  T H E  L E F T  S I D E .  
I N  S I G N  I N  C A P P A  WHERE C A P P A  = C A P P I N  - C A P P A D  A N D  WHEN C A P P A  
Z E R O  C A P P A .  
T H I S  R O U T I N E  C H E C K S  A T  E A C H  I N T E G R A T I O N  S T E P  F O R  A C H A N G E  
C H A N G E S  S I G N 9  C O A S T  C O N T R O L S  T H E  I N T E G R A T I O N  S T E P  S I Z E  T O  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M R ( 1 0 0 0 )  
COMMON / R U N G / R U N ( 1 2 5 )  
D I M E N S I O N  F L O M X  ( 6  I T F U E L  ( 6  ) * H A R D  ( 6  1 
D I M E N S I O N  I D A T A  ( 6  95 ) r J C O A S T ( 6  1 9 N O P T  ( 6  1 
D I M E N S I O N  P R O P  ( 6  ) 9 s  ( 6  9 2  ) T T B  ( 6  1 
D I M E N S I O N  T H R U S T ( 6  ) T T S  ( 6  1 
E Q U I V A L E N C E  ( C A P P A  y C M A ( 8 9 1 ) ) 9 ( D E L T  T C M A ( ~ O ~ ) ) ~ ( D E L T A V I C M A ( ~ ~ ~ ) )  
E Q U I V A L E N C E  ( E N E R G Y ~ C M A ( 8 9 2 ) ) ~ ( f R R M X K I C M B o ) r ( F L O M X  y C M A ( 8 3 7 ) )  
E Q U  I V A L E N C E  
EQ(J I V A L  E N C  E 
E Q U I V A L E N C E  
E Q U I V A L E N C E  
E O U  I V A L E N C E  
E Q U I V A L E N C E  
E Q U I V A L E N C E  
EFJU I V A L  E N C E  
E Q U I V A L E N C E  
E Q U I V A L E N C E  
Z C O A O O O l  
Z C O A 0 0 0 2  
Z C O A 0 0 0 3  
Z C O A 0 0 0 4  
Z C O A 0 0 0 5  
Z C O A 0 0 0 6  
Z C O A 0 0 0 7  
Z C O A 0 0 0 8  
Z C O A 0 0 0 9  
Z C O A O O  10 
Z C O A O O  11 
Z C O A O O l 2  
Z C O A 0 0 1 3  
Z C O A 0 0 1 4  
Z C O A O O l 5  
Z C O A O O l 6  
Z C O A O O l 7  
Z C O A 0 0 1 8  
Z C O A 0 0 1 9  
Z C O A O O Z O  
Z C O A 0 0 2  1 
Z C O A 0 0 2 2  
Z C O A 0 0 2 3  
Z C O A 0 0 2 4  
Z C O A O O Z  5 
Z C O A 0 0 2 6  
Z C O A 0 0 2 7  
Z C O A 0 0 2 8  
Z C O A 0 0 2 9  
Z C O A 0 0 3 0  
Z C O A 0 0 3 1  
Z C O A 0 0 3 2  
Z C O A 0 0 3 3  
Z C O A 0 0 3 4  
Z C O A 0 0 3 5  
E Q U I V A L E N C E  ( Z L A M 2  r C M A ( 4 0 7 ) ) r ( Z L A M 3  , C M A ( 4 0 8 ) ) y ( Z L A M 4  r C M A ( R 8 4 ) )  Z C O A 0 0 3 6  
Z C O A 0 0 3 7  
D E T E R M I N E  P R O P E R  EO(JATIOI \ !  FOR T E R M I N A T I N G  P H A S E  U S I N G  I N F D R M A T I O N  Z C O A 0 0 3 8  
C O L L E C T E D  I N  X O L O A D .  E V A L U A T E  C O N S T A N T  T E R M S  I N  T H E  P R O P E R  Z C O A 0 0 3 9  
E O U A T  I ON. Z C O A 0 0 4 0  
GO T O  ~ 2 8 r l l ~ l l r 1 2 r 1 4 r l ~ 1 5 T 1 6 ~ 1 3 ~ T J C O S T  Z C O A 0 0 4 1  
1 K A = J C O A S T ( N S T A G E )  Z C O A 0 0 4 2  
K = O  Z C O A 0 0 4 3  
I F ( K A . N E . 0 )  GO T O  3 Z C O A 0 0 4 4  
IF (NSTAGE.EQ.LAST.AND.NCUTE.EB.1 )  GO TO 2 Z C  O A 0 0 4 5  
J C O S T = l  Z C O A 0 0 4 6  
R E T U R N  Z C O A 0 0 4 7  
Z C O A 0 0 4 8  
S E T  C A P P A D  E Q U A L  T O  T H E  D E S I R E D  E N E R G Y  Z C O A 0 0 4 9  
2 C A P P A D = E N E R G Y  Z C O A 0 0 5 0  
J C O S T = 7  Z C O A 0 0 5 1  
TS(NSTAGE)=TS(NSTAGE-l)+lOOOO.O Z C O A 0 0 5 2  
Z C O A 0 0 5 3  
GO TO 10 Z C O A 0 0 5 4  
3 GO T O  ( 4 ~ 6 ) r K A  Z C O A 0 0 5 5  





























R I G H  H ID S D E  O F  E O 0  O N  
Z C D A 0 0 5 7  
Z C O A 0 0 5 8  T 
C A P P A D = ( ~ . O + P R O P ( N S T A G E ) ) / P R D P ( N S T A G E ) ~ ( S ( N S T A G E T ~ ) - S ( N ~ P T A T ~ ) /  Z C O A 0 0 5 9  
1 ~ 1 ~ O + P R O P ( N O P T A ) ) - S A D @ A ( N O P T A + l v N S T A G E - l ~ ~  Z C D A O O 6 0  
Z C D A 0 0 6 1  J C O S T = 2  
Z C O A 0 0 6 2  
GO T O  10 Z C D A 0 0 6 3  
Z C O A O O 6 4  
R I G H T  H A N D  S I D E  O F  E Q U A T I O N  50 Z C O A 0 0 6 5  
5 C A P P A D ~ ~ ~ ~ 1 ~ O + P R O P ( L A S T ) ) * E X P ( - D E L T A V / V E L E X ) ~ / P ~ O P ~ L A S T ~ ~ ~ S ~ N O ~ T A ~ Z C O A O O 6 6  
12 ~ / ~ ~ ~ O + P R D P ~ N O P T A ~ ~ ~ S ~ L A S T ~ ~ ) + S A D D A ~ N O P T A + ~ T L A S T ~ ~ ~ ~  
J C O S T = 3  
GO T O  10 
I F ( N S T A G E . G T . N O P T A + l )  GO T O  7 
R I G H T  H A N D  S I D E  O F  E O U A T I O N  488 
J C O S T = R  
GO T O  10 
R I G H T  H A N D  S I D E  OF E Q U A T I O N  4 8 A  
6 IF(IDATA(NSTAGE+lt5)oEOol) G O T 0  9 
C A P P A D = O  0 
7 C A P P A D = S A D D B ( ~ T N O P T A + ~ ~ N S T A G E ) - S A D D B ( ~ ~ N O P T A + ~ ~ N S T A G E - ~ )  
~ - S ( N O P T A T ~ ) / ( ~ . O + P R O P ( N O P T A ) )  
I F ( F L D M X ( N S T A G E ) . E O . O o O )  GO T O  8 
J C O S T = 4  
G O  T O  10 
8 J C O S T = 9  
GO T D  10 
R I G H T  H A N D  S I D E  O F  E Q U A T I O N  4 1 C  
9 CAPPAD=O.O 
J C O S T = 5  
10 GO T O  ( l l ~ l l ~ l l ~ 1 2 ~ 1 4 ~ 1 5 ~ l 5 ~ 1 6 ~ 1 3 ) ~ J C O S T  
L E F T  H A N D  S I D E  OF E Q l J A T I O N  5 0  
11 C A P P I N = S S T A G E ( T H R U S T ( N S T A G E ) T F L O ~ J ~ R M A S S )  
G O  T O  17  
L E F T  H A N D  S I D E  O F  E Q U A T I O N  4 8 A  
1 2  C A P P I N = ( ( F M / R ~ * 2 - O M E G A ~ ~ 2 ~ R ) ~ Z L A M l + 2 . O ~ U ~ O ~ l E G A ~ Z L A M 2 - U ~ Z L A M 3  
1 - O M E G A ~ Z L A M 4 ~ / ~ 1 . 0 / F L D M X ~ N S T A G ~ ~ - l . O / F L O M X ~ N S T A G E + l ~ ~ - G ~ S ~ R T  
l ( Z L A M 1 ~ ~ 2 + Z L A M 2 * * 2 ) ~ ( T H R l J S T ( N S T A G E ) / R M A S S / F L O M X ( N S T A G E ) + T H R U S T  
Z C O A 0 0 6 7  
Z C O A 0 0 6 8  
Z C D A 0 0 6 9  
Z C D A 0 0 7 0  
Z C O A 0 0 7  1 
Z C O A 0 0 7 2  
Z C O A 0 0 7 3  
Z C O A 0 0 7 4  
Z C O A 0 0 7 5  
Z C D A 0 0 7 6  
Z C O A 0 0 7 7  
Z C O A 0 0 7 8  
Z C O A 0 0 7 9  
Z C O A 0 0 8 0  
Z C D A O O 8 1  
Z C O A 0 0 8 2  
Z C O A 0 0 8 3  
Z C O A O O 8 4  
Z C D A 0 0 8 5  
Z C O A 0 0 8 6  
Z C D A 0 0 8 7  
Z C O A 0 0 8 8  
Z C D A 0 0 8 9  
Z C O A 0 0 9 0  
Z C O A 0 0 9 1  
Z C O A 0 0 9 2  
Z C O A 0 0 9 3  
Z C O A 0 0 9 4  
Z C O A 0 0 9 5  
Z C O A 0 0 9 6  
Z C D A 0 0 9 7  
Z C O A 0 0 9 8  
Z C D A 0 0 9 9  
Z C D A O l O O  
Z C O A O  101 
Z C D A 0 1 0 2  
Z C D A 0 1 0 3  
Z C O A 0 1 0 4  
Z C O A 0 1 0 5  
l ( N S T A G E + l ) / ( R M A S S - H A R D ( N S T A G E ) - P R O P I N S T A G E ) * ( T I M E - T S ( N S T A G E - l ) ) *  Z C D A 0 1 0 6  
l F L O W ) / F L O M X ( N S T A G E + l ) )  Z C D A O l O 7  
Z C O A O l O 8  
GO T O  17 Z C O A 0 1 0 9  
Z C O A O l l O  
L E F T  H A N D  S I D E  O F  E Q U A T I O N  4 8 A  WHEN F L O W  = 0 Z C O A O  11 1 
1) 1 Z C O A 0 1 1 3  
Z C D A 0 1 1 4  
GO T O  17 Z C O A O  11 5 
Z C O A O l l 6  
13 C A P P I N = - S S T A G E ( T H R U S T ( N S T A G E + l ) r F L O M X ( N S T A G E + l ) v R M A S S - H A R D ( N S T A G E  Z C D A O l l 2  
Z C O A O l l 7  
14 C A P P I N = ( F M / R * * 2 - O M E G A * ~ 2 * R ) * Z L A M l + 2 . O * U * O M E G A ~ Z L A M 2 - U * Z L A M 3 - O M E G A  Z C O A 0 1 1 8  
Z C O A O l l 9  
Z C O A O l 2 0  
C L E F T  H A N D  S I D E  O F  E O U A T I O N  4 1 C  
1 * Z L A M 4  
C 
c Z C O A O l 2 l  
GO T O  17 
L 
C C A L  C I JL  A T E EN E R GY 
15 C A P P I N = V * * 2 / 2 . O - F M / R  
L 
G O  T O  17 
P 
Z C O A 0 1 2 2  
Z C O A 0 1 2 3  
Z C O A O  124 
Z C O A O  12 5 
Z C O A 0 1 2 6  
L Z C O A 0 1 2 7  
C L E F T  H A N D  S I D E  OF E O U A T I O N  486 Z C O A O l 2 8  
~PROPINSTAGE)*(TIME-TS(NSTAGE-~))*FLOW)-SSTAGE(THRUST(NSTAGE)T Z C O A O l 3 0  
l F L O W ~ R M A S S ) / ( J . . O + P R O P ( N O P T A )  1 Z C O A O l 3 1  
16 C A P P I N = S S T A G E ( T H R U S T ( N S T A G E + ~ ) T F L O ~ X ( N S T A G E + ~ ) T R M A S S - H A R D ( N S T A G E ) - Z C O A O ~ ~ ~  
r 
L 
C C O M P U T E  C A P P A  A N D  D C A P P A  
17  C A P P A = C A P P I N - C A P P A D  
D C A P P A = ( C A P P A - C A P P A I ) / D E L T  
C A P P A  I =C A P P A  
K = l  
I F ( K . N E . 0 )  G O T O  18 
1 8  G O  T O  ( 1 9 ~ 2 0 ~ 2 8 , 2 R ) r I  
C 
C C H E C K  F O R  C A P P A  S I G N  C H A N G E  
C 
C C H E C K  F O R  D I V E R G I N G  C A P P A  
C 
C D E L T  = 0 T E R M I N A T E S  I N T E G R A T I O N  
19 I F ( C A P P A * C A P P A I . L T . O . O )  G O T O  2 4  
I F ( A B S ( C A P P A ) . L E . A B S ( C A P P A I ) )  GO T O  2 7  
D E L  T=O. 0 
c 
Z C O A O l 3 2  
Z C O A O  133 
Z C O A O l 3 4  
Z C O A O  135 
Z C O A 0 1 3 6  
Z C O A 0 1 3 7  
Z C O A 0 1 3 8  
Z C O A 0 1 3 9  
Z C O A O  140 
Z C O A 0 1 4 1  
Z C O A 0 1 4 2  
Z C O A 0 1 4 3  
Z C O A 0 1 4 4  
Z C O A 0 1 4 5  
Z C O A O  146 
Z C O A 0 1 4 7  
Z C O A O  148  
L Z C O A 0 1 4 9  
C I = 2 C A U S E S  C O N T R O L  T O  B Y P A S S  S T E P - S I Z E  C O N T R O L  I N  S T E P  Z C O A 0 1 5 0  
Z C O A O l 5  1 I = 2  - 
L Z C O A 0 1 5 2  
C M A S H  = 1 I S  A F L A G  T O  M A I N  T H A T  T H E  P R O P O S E D  C A S E  I S  I M P O S S I B L E .  Z C O A 0 1 5 3  
M A S H = l  Z C O A O l 5 4  




C C H E C K  F O R  C A P P A  W I T H I N  C O N V E R G E N C E  T O L E R A N C E  
20 D E L  C A P =  D E L T 3 *DC A P P A  
P E R R K = C A P P A / D E L C A P  
I F ( A B S ( P E R R K ) . G E . E R R M X K )  GO T O  25  
I F  ( D E L C A P . E O . O . 0 )  GO T O  2 1  
C 
C 
C C A P P A  W I T H I N  T O L E R A N C E .  S E T  U P  F O R  C O N T I N U I N G  
2 1  K=O 
C I E Q U A L  T O  F O U R  C A U S E S  C O N T R O L  O F  S T E P - S I Z E  T O  
C 
C S E E  R U N G E K  F O R  D E S C R I P T I O N  O F  H2 
C 
C R E S E T  D E L T  
D E L T = D E L T 3  
C 
I =4 
H 2 = T  I M E - T S T O  
84 
T H E  P R O B L E M ,  
R E V E R T  T O  S T E P  
Z C O A 0 1 5 6  
Z C O A O 1 5 7  
Z C O A O 1 5 R  
Z C O A 0 1 5 9  
Z C O A O  160 
Z C O A O l 6 l  
Z C O A 0 1 6 2  
Z C O A 0 1 6 3  
Z C O A O l 6 4  
Z C O A 0 1 6 5  
Z C O A O  166 
Z C O A 0 1 6 7  
Z C O A O l 6 8  
Z C O A 0 1 6 9  
Z C O A O l 7 0  
Z C O A 0 1 7  1 
Z C O A 0 1 7 2  
Z C O A 0 1 7 3  
Z C O A 0 1 7 4  
Z C O A 0 1 7 5  












R E S E T  J C O S T  F O R  N E X T  P H A S E  
J C O S T = 6  
S E T  T S  T O  E N A B L E  S T E P  T O  I N C R E M E N T  N S T A G E  
T S ( N S T A G E ) = T I M E  
C O M P l J T E  P H A S E  B U R N I N G  T I M E  
T B ( N S T A G E ) = T S ( N S T A G E ) - T S ( N S T A G E - l )  
J A = N S T A G E +  1 
C O M P U T E  P R O P E L L A N T  L O A D I N G  F O R  P H A S E  
F U E L ( N S T A G E ) = T B ( N S T A G E ) * F L O W  
I F ( N S T A G E . E O . L A S T )  R E T l J R N  
D O  2 2  J = J A I L A S T  
J C O A S T ( J )  N O T  E Q U A L  T O  Z E R O  I M P L I E S  T H A T  A N O T H E R  P H A S E  WILL B E  
T E R M I N A T E D  B Y  C O A S T .  
I F ( J C O A S T ( J ) * N E . O )  GO T O  2 3  
C O M P U T E  P R O P E L L A N T  L O A D I N G S  F O R  R E M A I N I N G  P H A S E S  
F U E L ( J ) = T B ( J l * F L O M X ( J )  
C 
C S E T  T S  S F O R  R E M A I N I N G  P H A S E S  
22  T S ( J ) = T S ( J - l ) + T B ( J )  
R E T U R N  
C 
C S E T  T S  V E R Y  L A R G E  F O R  N E X T  P H A S E  T E R M I N A T E D  B Y  C O A S T  
23 T S ( J ) = T S ( J - 1 ) + 1 0 0 0 0 ~ 0  
R E T U R N  
C I E Q U A L  T O  TWO C A U S E S  S T E P  T O  R E L I N Q U I S H  C O N T R O L  O F  S T E P  
C 
C S T O R E  D A T A  F O R  C O M P I J T I N G  H2 W H E N  C A P P A  I S  Z E R O E D .  
2 4 1 = 2  
T S T O = T I M E - H 2  
C S T U R E  D E L T  
C 
C C O M P U T E  D E L T  T O  Z E R O  C A P P A  
D E L  T 3=H2 
25 D E L T = C A P P A / ( C A P P A I - C A P P A ) * D E L T  
26 I F ( A B S ( D E L T ) . L T .  A B S ( D E L T 3 ) )  GO T O  2 7  
D E L T = D E L T / Z . O  
GO T O  27 
r 
L 
C S T O R E  C A P P A  F O R  L A S T  I N T E G R A T I O N  S T E P .  
C 
27 C A P P A I = C A P P A  
2 8  R E T U R N  
E N D  
, S I Z E  
Z C O A 0 1 7 7  
Z C O A 0 1 7 8  
Z C O A 0 1 7 9  
Z C O A 0 1 8 0  
Z C O A O l 8 1  
Z C O A 0 1 8 2  
Z C O A O  183 
Z C O A 0 1 8 4  
Z C O A O  1 8 5  
Z C O A 0 1 8 6  
Z C O A 0 1 8 7  
Z C O A O  1 88 
Z C O A 0 1 8 9  
Z C O A O  190 
Z C O A 0 1 9 1  
Z C O A 0 1 9 2  
Z C O A O  193 
Z C O A 0 1 9 4  
Z C O A 0 1 9 5  
Z C O A 0 1 9 6  
Z C O A 0 1 9 7  
Z C O A 0 1 9 R  
Z C O A O  199 
Z C O A 0 2 0 0  
Z C O A 0 2 0 1  
Z C O A 0 2 0 2  
Z C O A 0 2 0 3  
Z C O A 0 2 0 4  
Z C O A 0 2 0 5  
Z C O A O 2 0 6  
Z C O A 0 2 0 7  
Z C O A 0 2 0 8  
Z C O A 0 2 0 9  
Z C O A 0 2 1 0  
Z C O A O 2  11 
Z C O A 0 2  1 2  
Z C O A 0 2 1 3  
Z C O A 0 2 1 4  
Z C O A 0 2 1 5  
Z C O A 0 2 1 6  
Z C O A 0 2 1 7  
Z C O A 0 2 1 8  
Z C O A 0 2  19 
Z C O A 0 2 2 0  
Z C O A 0 2 2 1  
Z C O A 0 2 2 2  
Z C O A 0 2 2 3  
Z C O A 0 2 2 4  
























S l J B R O l J T I N E  C O E F N S  
T H I S  S U B R O U T I N E  C O M P l J T E S  C O E F F I C I E N T S  O F  S E C O N D  O R D E R  
P O L Y N O M I A L S  U S E D  T O  F I T  V A R I O U S  F l J N C T I U N  C l J R V E S  S U C H  A S  C D  V S  
M A C H  NlJMBER. D A T A  I S  I N P t J T  A S  A TWO C O L U M N  A R R A Y .  T H E  F I R S T  
C O L U M N  I S  T H E  I N D E P E N D E N T  V A R I A R L E  ( M A C H )  A N D  T H E  S E C O N D  
C O L l J M N  T H E  C O R R E S P O N D I N G  D F P E N D E N T  V A L l J E  ( C D ) .  A L L  S E T S  O F  
D A T A  P O I N T S  A R E  L O A D E D  S E Q U E N T I A L L Y  A N D  I D E N T I F I E D  B Y  N S E T S ( K )  
WHICH I S  T H E  N U M B E R  O F  S E T S  O F  T H R E E  D A T A  P O I N T S  N E E D E D  
T O  S O L V E  A N  E Q U A T I O N  O F  T H E  FORM C D  = A + B M  + CMM. 
N U M B E R  O F  P O I N T S  MlJST H E  O D D  
I C C  H A S  P O S I T I O N S  O F  B E G I N N I N G  OF A R R A Y  I N  C O E F N .  
N S E T S  R E F E R S  T O  T H E  NlJMBER OF S E T S  A N D  I T  E Q U A L S  
N S A V E  = P O S I T I O N S  I N  C O E F N  FOR T H E  S E T S .  
( N I J M B E R  OF P O I N T S  - O N E ) / 2 . 0 .  
V A R I N D  A N D  V A R D E P  A R E  L O A D E D  C O N S E C U T I V E L Y .  
S T O R A G E  I N  C O E F N  M U S T  A L L O T  F O U R * N S F T S ( N ) + l  F O R  E A C H  S E T .  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M B ( 1 0 0 0 )  
D I M E N S I O N  C O E F N  ( 5 0 0  I T J E N D  ( 2 0  ) r N S A V E  ( 2 0  1 
D I M E N S I O N  N S E T S  (20 T v  ( 1 0 0 1 2  1 
E Q U I V A L E N C E  ( C O E F N  T C M B ( ~ O ~ ) ) T ( N S A V E  T C M B ( ~ ~ ~ ) ) ~ ( N S E T S  r C M B ( 2 2 1 ) )  
E Q U I V A L E N C E  ( V  T C M B  ( 3 0 1  1 1 
D A T A  J S / O /  
Z C O E O O O l  
Z C O E 0 0 0 2  
Z C O E 0 0 0 3  
Z C O E 0 0 0 4  
Z C O E 0 0 0 5  
Z C O E 0 0 0 6  
Z C O E 0 0 0 7  
Z C O E O O O 6  
Z C O E 0 0 0 9  
Z C O E O O l O  
Z C O E O O l l  
Z C O E 0 0 1 2  
Z C O E 0 0 1 3  
Z C O E O O  14 
Z C O E 0 0 1 5  
Z C O E O O  16 
Z C O E O O  17 
Z C O E 0 0 1 8  
Z C O E 0 0 1 9  
Z C O E 0 0 2 0  
Z C O E 0 0 2  1 
Z C O E 0 0 2 2  
Z C O E 0 0 2 3  
Z C O E 0 0 2 4  
Z C O E O D 2 5  
Z C O E O O 2 6  
Z C O E 0 0 2 7  
Z C O E 0 0 2 8  
Z C O E 0 0 2 9  
Z C O E 0 0 3 0  
Z C O E 0 0 3 1  
Z C O E 0 0 3 2  
Z C O E 0 0 3 3  
Z C O E 0 0 3 4  
Z C O E 0 0 3 5  
Z C O E 0 0 3 6  
Z C O E 0 0 3 7  
Z C O E 0 0 3 8  
Z C O E 0 0 3 9  
Z C O E 0 0 4 0  
Z C O E 0 0 4 1  








W R I T E  ( 6 9 6 )  J S I J E  
W R I T E  ( 6 9 7  ) ( C O E F N ( M ) T M = J S T J E )  
4 W R I T E ( 6 1 5  ) ( C O E F N ( M ) T M = J S T J E )  
5 F O R M A T ~ ~ H * O G ~ ~ ~ ~ ~ ~ H T I G ~ ~ , ~ ~ ~ H I I G ~ ~ , ~ ~ ~ H , T G ~ ~ ~ ~ T ~ ~ T ~ ~ ~  
6 F O R M A T  ( ~ ~ H O C O E F F I C I E N T S I ~ ~ ~ H T I ~ )  
7 F O R M A T ( 6 G Z O . A )  
R E T U R N  
E N D  
Z C O E 0 0 5 7  
Z C O E 0 0 5 8  
Z C O E 0 0 5 9  
Z C O E 0 0 6 0  
Z C O E 0 0 6 1  
Z C O E 0 0 6 2  
Z C O E O O 6 3  
Z C O E 0 0 6 4  
S U B R O U T I N E  C O N E V L  ( F L O W  T N  1 Z C O N O O O l  
Z C O N 0 0 0 2  
S U B R O U T I N E  C O N E V L  C O M P U T E S  T H E  C O N S T A N T  I N  E Q U A T I O N  Z C O N 0 0 0 3  
11 WHEN T H E  T H R U S T  I S  E Q U A L  T O  ZERO. T H E  E Q U A T I O N  A P P F A R S  Z C O N 0 0 0 4  
A G A I N  I N  4 1 C .  C O N S T ( N I 1 )  I S  U S E D  I N  F I N A L  A S  A F I N A L  Z C O N 0 0 0 5  
C O N D I T I O N  F O R  A N  O P T I M U M  C O A S T .  C O N S T ( N r 2 )  I S  T H E  S Q U A R E  Z C O N O O O 6  
ROOT O F  T H E  S U M  O F  T H E  S Q U A R E S  OF T H E  T E R M S  I N  C O N S T ( N r 1 )  Z C O N 0 0 0 7  
A N D  IS U S E D  I N  SCOMP. ZCONOOOH 
COMMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M B ( 1 0 0 0 )  Z C O N 0 0 0 9  
D I M E N S I O N  C O N S T  ( 5  ~2 1 Z C O N O O l O  
E Q U I V A L E N C E  ( C O N S T  r C M A ( 8 9 4 ) ) ? ( F M  v C M A l 7 1 5 ) ) ~ ( G  r C M A ( 7 1 6 )  1 Z C O N O O l l  
E Q U , I V A L E N C E  ( O M E G A  r C M A ( 4 0 5 ) ) r ( R  r C M A ( 4 0 2 ) ) r ( U  r C M A ( 4 0 4 ) )  Z C O N 0 0 1 2  
E Q U I V A L E N C E  ( Z L A M 1  T C M A ( ~ O ~ ) ) T ( Z L A M ~  ? C M A ( 4 0 7 ) ) r ( Z L A M 3  r C M A ( L t O 8 ) )  Z C O N 0 0 1 3  
E O U I V A L E N C E  ( Z L A M 4  r C M A ( 8 8 4 ) )  Z C O N 0 0 1 4  
I F  (FLOW.EO.O.0) GO T O  1 Z C O N 0 0 1 5  
C O N S T ( N T ~ ) = O . O  Z C O N 0 0 1 6  
C O N S T ( N T ~ ) = O . O  Z C O N 0 0 1 7  
GO T O  2 ZCONOO 18  
1 C O N S T ( N T ~ ) =  (FM/R**2-OMEGA**2*R)*ZLAMl+2.O*U*OMEGA*ZLAM2-U* Z C O N 0 0 1 9  
l Z L A M 3 - O M E G A s Z L A M 4  Z C O N 0 0 2 0  
C O N S T ( N T Z ) = S Q R T  (((FM/R**2-OMEGA+*2*R)*ZLAMl)**2+(2.O*U*OMEGA* Z C O N 0 0 2  1 
lZLAM2)**2+(U*ZLAM3)**2+(0MEGA*ZLAM4)**2) Z C O N 0 0 2 2  
2 R E T U R N  Z C O N 0 0 2 3  
E N D  Z C O N 0 0 2 4  
S U B R O U T I N E  C O N V T ( A v B * C )  
C O N V T  T A K E S  T H E  V E C T O R  P R O D l J C T  OF V E C T O R S  A 
T H E  R E S l J L T  I N  C. 
ZCONOOO 1 
Z C O N 0 0 0 2  
A N D  B A N D  P L A C E S  Z C O N 0 0 0 3  
Z C O N 0 0 0 4  
Z C O N 0 0 0 5  
Z C O N 0 0 0 6  
Z C O N 0 0 0 7  
ZCONOOOR 
Z C O N 0 0 0 9  
Z C O N O O l O  
Z C O N O O l l  
Z C O N O O l 2  
Z C O N 0 0 1 3  
Z C O N 0 0 1 4  
Z C O N O O 1 5  
































I N  T H I S  R O U T I N E .  T H I S  R O U T I N E  I S  A P P L I C A B L E  T O  T H E  U P P E R  
P H A S E S  O N L Y .  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M B ( 1 0 0 0 )  
D I M E N S I O N  D E L M X  ( 3  I T M O D E  ( 3  I T S T E P  ( 3  1 
D I M E N S I O N  T M I N l  ( 3  ) T T S  ( 6  1 
E Q U I V A L E N C E  ( D E L M A X T C M A ( ~ O Z ) ) T ( D E L M X  r C M B ( 1 6 3 ) ) 9 ( D E L T  t C M A  
E Q U I V A L E N C E  ( D E L T S T q C M A ( 9 3 l ) ) r ( K  T C M R ( ~ ~ ~ ) ) T ( M O D E  T C M B  
E Q U I V A L E N C E  ( M O D O U T ~ C M A ( ~ ~ ~ ) ) T ( M O D S  T C M A ( ~ ~ ~ ) ) T ( N P R I N T T C M R  
E Q U I V A L E N C E  ( N S T A G E T C M A ( ~ ~ O ) ) T ( S T E P  T C M B ( ~ ~ ~ ) ) T ( S T E P S  9CMA 
E Q U I V A L E N C E  ( T I M E  T C M A ( ~ O ~ ) ) T ( T M I N  r C M A ( 7 0 3 ) ) , ( T M I N l  t C M B  
E Q U I V A L E N C E  I T S  v C M A ( 9 3 2 ) )  
I N T E G E R  S T E P S T S T E P T O M I T  
S U B R O U T I N E  D A M O D E ( N T O M I T )  ZDAMOOO 1 
Z D A M 0 0 0 2  
S U B R O U T I N E  D A M O D E  C O N V E R T S  T H E  M O D E  I N F O R M A T I O N  W H I C H  Z D A M 0 0 0 3  
E N T E R S  T H R O U G H  T H E  I N P U T  R O U T I N E  I N T O  MODOUT A N D  MODS W H I C H  Z D A M 0 0 0 4  
A R E  U S E D  I N  S T E P  ( S E E  S T E P ) .  A L S D  T M I N  A N D  S T € P S  A C Q U I R E  Z D A M 0 0 0 5  
P R O P E R  V A L U E S  F R O M  I N P U T  D A T A .  T H E  I N I T I A L  D E L T  I S  C O M P U T E D  Z D A M 0 0 0 6  
Z D A M 0 0 0 7  
ZDAMOOOB 
Z D A M 0 0 0 9  
ZDAMOO 10 
Z D A M O O l l  
ZDAMOO 12 
7 0 1 ) )  Z D A M 0 0 1 3  
1 6 0 ) )  Z D A M 0 0 1 4  
1 8 1 ) )  Z D A M 0 0 1 5  
7 0 4 ) )  Z D A M O O l 6  
1 6 9 ) )  Z D A M O 0 1 7  
Z D A M 0 0  1 8  
Z D A M 0 0 1 9  
Z D A M 0 0 2 0  
Z D A M 0 0 2 1  
Z D A M 0 0 2 2  
Z D A M 0 0 2 3  
Z D A M 0 0 2 4  
Z D A M 0 0 2 5  
Z D A M 0 0 2 6  
Z D A M 0 0 2 7  
Z D A M 0 0 2  8 
Z D A M 0 0 2 9  
Z O A M 0 0 3 0  
Z D A M 0 0 3 1  
Z D A M 0 0 3 2  
Z O A M 0 0 3 3  
Z D A M 0 0 3 4  
K I S  U S E D  I N  S T E P  A S  A N  I N D E X  O F  N O U l  
K = M I N O ( N t 2 )  
N P R I N T  N O T  E Q U A L  TO Z E R O  C A U S E S  T H E  P E R T U R B A T I O N S  T O  B E  
P R I N T E D .  O M I T  A S S l J M E S  V A L t J E S  F R O M  O N E  TO S I X .  
I F ( N P R I N T . E O . O . A N D . O M I T . N E . 1 )  GO T O  2 
S E T  MODOUT 
MODOUT = M O D E ( N ) / l O  
S E T  MODS 
M O D S = M O D ( M O D E ( N )  ~ 1 0 )  
S E T  D E L M A X  
D E L M A X  = D E L M X ( N )  
S E T  MODOIJT, T M I N T  A N D  S T E P S  FOR MODE = 7 1 9 7 2 ~ 7 3 9 O R  74 
I F ( M O D O U T . N E . 7 )  GO TO 1 
M O D O U T = l  
I F ( T M I N . E O . O . O . O R . T M ~ N . L T . ( . l ) ~ ~ E L M A X )  T M I N = T M I N + D E L M A X  
T M I N = T I M E + T M I N  
S T E P S = 1 0 0 0  
G O  TO 3 
T M I N z D E L M A X - A M O D ( T I M E + D E L M A X q D E L M A X )  
S E T  S T E P S  
1 S T E P S  = S T E P ( N )  
S E T  T M I N  
T M I N  = T M I N l ( N )  
GO TO 3 
Z D A M 0 0 3  I 
Z D A M 0 0 3 t  
Z D A M 0 0 3 ;  
Z D A M 0 0 3 f  
Z D A M 0 0 3 S  
Z D A M 0 0 4 C  
Z D A M 0 0 4 1  
Z D A M 0 0 4 i  
Z D A M 0 0 4 2  
Z D A M 0 0 4 4  
Z D A M 0 0 4 5  
Z D A Y 0 0 4 6  
Z D A M 0 0 4 7  
Z D A M 0 0 4 8  
Z D A M 0 0 4 9  
Z D A M 0 0 5 0  
Z D A M 0 0 5 1  
Z D A M 0 0 5 2  
Z D A M 0 0 5 3  
Z D A M 0 0 5 4  
Z D A M 0 0 5 5  
Z D A M 0 0 5 6  
88 
C 
C MODOUT S E T  EQUAL T O  S I X  WHEN THE P E R T U R B A T I O N S  ARE N O T  P R I N T E D .  
2 MODOUT=6 
C S E T  D E L T  
3 D E L T = A M I N l ( D E L T S T , T S ( N S T A G E ) - T I M E )  
IF(MODOUT.EO.l.AND.DELT.GT.(TMIN-TIME)) D E L T  = ( T M I N - T I M E )  
IF( (MODOUT.E0.2 .OR.MODOI IT .EO.3) .AND.DELT.C,T .DELMAX)  D E L T  = DELMAX 
C 
R E T U R N  
E N D  
Z D A M 0 0 5 7  
2 D A M 0 0 5 8  
Z D A M 0 0 5 9  
Z D A M 0 0 6 0  
Z D A M 0 0 6 1  
Z D A M 0 0 6 2  
Z D A M 0 0 6 3  
Z D A M 0 0 6 4  
Z D A M 0 0 6 5  
ZDAMOO66 
Z D A M 0 0 6 7  
89 
C 
D A T A  Z G O A 0 0 3 1  
4A/1.6R715A2E-2~-1.1425l76E~4~~l.36l2327E~9~7~3624l45E~l4r Z G D A 0 0 3 2  
5 ~ 1 ~ O R 0 0 3 1 5 E ~ 1 7 ~ 3 ~ 3 0 4 h 4 3 2 E ~ 2 2 ~ ~ 7 ~ 9 9 1 0 7 7 7 E ~ 2 ~ ~ 8 ~ 1 0 4 6 4 3 8 E ~ 5 ~ ~ 5 ~ 5 5 2 2 3 ~ Z G D A 0 0 3 3  
6 3 E ~ 9 ~ 3 ~ 1 1 1 6 9 6 9 E ~ 1 3 ~ ~ 1 ~ 6 6 A ~ ~ 2 7 E - 1 7 r 3 . 8 3 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ R 4 1 4 2 7 7 E ~ 1 ~ ~ 2 ~ 6 9 Z G D A 0 0 3 4  
7 7 6 9 1 7 E - 4 ~ R . 5 5 2 7 5 4 1 E - 9 1 - 3 , 9 6 2 0 2 6 3 E - 1 3 , 1 . O 1 4 6 4 ~ 1 E ~ 1 ~ ~ ~ 1 ~ 0 2 6 4 3 1 8 E ~ 2 2 ~ Z G D A 0 0 3 5  
R ~ 5 ~ 0 7 7 3 R 3 3 E ~ l ~ ~ 9 ~ 8 9 6 1 9 4 8 E ~ 5 ~ ~ 9 ~ 2 7 5 8 5 6 3 E ~ 1 1 ~ ~ 1 ~ 0 2 7 0 7 0 0 E ~ 1 3 ~ 3 ~ 1 7 2 4 ~ 9 Z G ~ A 0 0 3 6  
9 2 E - 1 R r - 2 . 6 6 9 9 6 3 9 E - 2 3 r  Z G D A 0 0 3 7  
1 1 ~ 3 3 0 2 1 1 7 E ~ 2 ~ ~ ~ ~ 8 5 0 2 0 h 4 E ~ 5 ~ ~ 4 o 2 1 4 3 0 5 6 E ~ 9 ~ 5 ~ 9 5 1 7 5 5 7 E ~ 1 3 ~ ~ 3 ~ 9 7 4 4 7 8 9 E Z G ~ A 0 0 3 8  
2 ~ 1 7 ~ 7 ~ A 7 7 1 2 7 3 E ~ 2 2 ~ 1 . 2 6 6 7 1 2 2 E - 1 1 - 1 ~ 3 3 7 3 1 4 7 E ~ 4 ~ 2 ~ 0 6 ~ 7 3 7 1 E ~ 9 ~ 2 ~ 3 3 9 6 1 0 ~ G D A 0 0 3 9  
3 9 E - 1 3 ~ - 3 . 2 5 6 2 5 0 3 E - 1 7 ~ 7 ~ 9 O 3 5 2 O 9 E - 2 2 ~ 9 ~ 2 7 5 1 2 6 6 E ~ 1 ~ ~ 1 ~ 4 3 4 9 6 7 9 E ~ 4 ~ ~ 2 ~ 8 Z G O A ~ 0 4 0  
4 2 7 1 7 3 6 E ~ 9 r 4 ~ 7 4 R 0 0 9 2 E ~ 1 4 ~ 1 ~ 8 8 6 3 2 4 6 E ~ 1 R ~ ~ 4 ~ 2 7 0 2 4 1 1 E ~ 2 3 ~ R ~ 3 7 7 7 7 7 7 E ~ 5 ~ Z G D A 0 0 4 1  
5 ~ 1 ~ 5 3 4 5 0 0 7 E ~ 4 ~ 4 ~ 5 2 0 2 9 7 9 E ~ 9 r - 2 . h 5 6 3 7 7 2 E ~ 1 3 ~ 5 ~ 5 5 5 R 3 6 9 E ~ 1 R ~ ~ 3 ~ ~ R 7 6 5 R 7 Z G D A 0 0 4 2  
6 E - 2 3 9  Z G D A 0 0 4 3  
7 2 ~ 9 6 6 7 R 7 7 E 2 ~ ~ 6 ~ 7 7 3 1 O O ~ E ~ ~ ~ R ~ 4 6 1 9 8 0 5 E ~ 7 ~ ~ ~ ~ 7 0 0 4 0 4 9 E ~ 1 0 ~ 1 ~ 1 4 5 1 4 5 4 E ~ 1 Z G D A 0 0 4 4  
R 4 ~ ~ 2 ~ 4 8 9 8 7 R R E ~ 1 9 r 2 ~ 6 R 9 2 1 5 1 E 2 r 4 . 3 0 7 5 3 5 2 E ~ 3 ~ ~ 8 ~ 9 1 5 9 6 7 2 E ~ 7 ~ ~ 2 ~ ~ 9 2 9 7 9 1 Z G D A 0 0 4 5  
9 E ~ l l ~ 5 ~ 0 7 2 4 R 5 6 E ~ 1 5 ~ ~ 1 ~ 1 4 9 0 3 7 2 E ~ 1 9 ~ 3 ~ 7 0 6 4 5 5 7 E 2 ~ ~ 3 ~ 2 R 5 R 9 6 5 E ~ 2 ~ 2 ~ 0 6 4 5 Z ~ D A 0 0 4 6  
1 6 3 6 E ~ 6 ~ ~ 4 ~ 3 2 ~ 3 9 4 4 E ~ l l ~ ~ 5 ~ 7 5 0 7 2 4 2 E ~ 1 7 ~ ~ ~ 2 9 2 4 5 R 3 l ~ ~ 2 1 ~ 5 ~ 8 8 2 5 8 1 4 E 2 ~ ~ 2 ~ Z G D A 0 0 4 7  
2 7 5 1 5 6 ~ 5 E ~ 2 ~ 1 ~ 6 5 9 3 6 1 1 E ~ 7 ~ 3 ~ 0 4 1 6 3 8 8 E ~ l l ~ ~ A ~ 0 2 6 4 7 ~ ~ E ~ 1 6 ~ 6 ~ 0 1 ~ 2 0 2 E ~ 2 1 / Z G D A 0 0 4 ~  
D A T A  Z G D A 0 0 4 9  
1 A L / 0 ~ 0 ~ ~ ~ 0 0 4 5 ~ 0 ~ 0 ~ ~ 0 0 4 0 ~ ~ 0 ~ 0 0 ~ ~ ~ ~ ~ ~ ~ ~ 0 0 5 0 ~ ~ ~ ~ 0 0 5 0 / ~  Z G D A 0 0 5 0  
3 2*0.0/9 Z G D A 0 0 5 2  
5 2 . O E 0 6 r l . O E 0 7 / ~  Z G O A 0 0 5 4  
7 6 .906E-6r3.153E-10~2*0.0/~ Z G D A 0 0 5 6  
2 T A R D C / 2 R 2 . 6 6 ~ 2 8 2 . h 6 ( 1 6 5 . 6 6 1 1 h 5 . h 6 1 2 2 5 . 6 6 ~ 1 3 2 5 ~ h 6 ~ ~ 4 2 5 ~ 6 6 ~ 1 5 7 5 ~ 6 6 ~  Z G D A 0 0 5 1  
4 H A R ~ C / 4 7 0 0 0 . ~ 5 3 0 0 0 . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~  





















S U B R O U T  I N E  G l J E S S  
C 
C S U R R O U T I N E  G U E S S  I S  A DUMMY R O U T I N E  C A L L E D  A T  T H E  
C B E G I N N I N G  O F  E A C H  P R O B L E M  A N D  WAS P L A C E @  T H E R E  FOR 
C P R E P A R I N G  G U E S S E S  FOR T H E  I N I T I A L  C O N D I T I O N S  B A S E D  O N  
C P R E V I O U S L Y  C O N V E R G E D  C A S E S .  
C 
R E T U R N  
E N D  
Z G D A 0 0 5 7  
Z G D A 0 0 5 8  
Z GDA 0 0 59  
Z G D A O O 6 O  
Z G D A 0 0 6 1  
Z G D A 0 0 6 2  
Z G U E O O O l  
Z G U E 0 0 0 2  
Z GU E 000 3 
Z G t J E 0 0 0 4  
Z G U E 0 0 0 5  
Z GU E 0006 
Z G U E 0 0 0 7  
Z GI1 E O 0 0  A 
Z G U E 0 0 0 9  
91 
C D A T A B  Z D A T O O O  1 
C D A T A B  I S  A B L O C K  D A T A  R O U T I N E  C O N T A I N I N G  T H E  C O N S T A N T S  FOR Z D A T 0 0 0 2  
C T H E  PROGRAM. Z D A T 0 0 0 3  
C Z D A T 0 0 0 4  
B L O C K  D A T A  Z D A T 0 0 0 5  
C D A T A B  Z D A T 0 0 0 6  
C O M M O N / A T A H L E / C M E ( 8 0 0 0 )  Z D A T 0 0 0 7  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) r C M R ( 1 0 0 0 )  Z D A T 0 0 0 8  
D I M E N S I O N  A N G L E S ( 4  I r D E L M X  ( 3  I r D E L M X B ( 2  ) Z OA T O 0 0 9  
) * M O D E  ( 3  1 Z D A T O O  10 
D I M E N S I O N  MODEB ( 2  I t N S A V E  ( 2 0  I r P E R B  ( 2  1 Z D A T O O l 1  
D I M E N S I O N  S T E P  ( 3  I T S T E P B  ( 2  I r T M I N f l  ( 2  1 Z D A T O O l 2  
D I M E N S I O N  T M I N l  ( 3  ) r T O L  ( 5  ~2 1 Z D A T O O  13 
D I M E N S I O N  E R R O R  ( 2  ) T I C C  (20 
E Q U I V A L E N C E  ( A  ~ C M A ( ~ ~ ~ ) ) ~ ( A N G L E S T C M A ( ~ ~ ~ ) ) T ( A S T A R T ~ C M A ( ~ ~ ~ ) )  Z D A T 0 0 1 4  
E Q U I V A L E N C E  ( B  r C M A ( 8 1 4 ) ) , ( C L E A R  r C M A ( 9 3 0 ) ) r ( C M A X  r C M A ( 9 2 8 ) )  Z D A T 0 0 1 5  
E Q U I V A L E N C E  ( C O N M  r C M A ( 7 1 7 ) ) r ( C O N N  r C M A ( 7 1 8 ) ) , ( D E L M X  r C M U ( J . 6 3 ) )  Z D A T O O l 6  
E Q U I V A L E N C E  ( D E L M X B T C M B ( ~ ~ ~ ) ) ~ ( D E L T R T ~ G M A ( ~ ~ ~ ) ) T ( D E L T K T T C M B ( O ~ ~ ) )  Z D A T 0 0 1 7  
E Q U I V A L E N C E  (DELTSTrCMA(93l))r(DTIME r C M A ( 5 0 9 ) ) r ( E R E F  r C M A ( 7 1 3 ) )  Z D A T 0 0 1 8  
E Q U I V A L E N C E  ( E R L I M T r C M A ( 7 0 6 ) ) r ( E R R  T C M B ( O ~ ~ ) ) ~ ( E R R M X K ~ C M B ( O ~ ~ ) )  Z D A T 0 0 1 9  
E Q U I V A L E N C E  ( E R R O R  r C N B ( 0 4 2 ) ) r ( E S T A R T r C M A ( 7 9 5 ) ) ~ ( F M  r C M A ( 7 1 5 )  1 Z D A T 0 0 2 0  
E Q U I V A L E N C E  ( G  r C M A ( 7 1 6 ) ) 9 ( I C C  r C M f l ( 2 0 l ) ) r ( I K I C K  y C M E ( 2 O O ) )  Z D A T O O 2 l  
E Q U I V A L E N C E  ( I M O D E  r C M B ( 0 6 l ) ) r ( J K I C K  r C M B ( 0 6 3 ) ) r ( L A S T  r C M A ( 7 1 1 ) )  Z D A T 0 0 2 2  
E Q U I V A L E N C E  ( L A S T 1  r C M A ( 7 5 3 ) ) r ( M O D E  r C M B ( 1 6 0 ) ) r ( M O D E B  r C M B ( 1 7 2 ) )  Z D A T 0 0 2 3  
E Q U I V A L E N C E  ( M O D E C  ~ C M B ( ~ ~ O ) ) T ( N D A M P  r C M A ( 9 2 6 ) ) r ( N D U M P  v C M B ( 0 5 7 ) )  Z D A T 0 0 2 4  
E Q U I V A L E N C E  ( N E 0  ~ C M A ( ~ ~ ~ ) ) ~ ( N F I I ~ A L T C M A ~ ~ ~ ~ ~ ~ ~ ~ N P R I N T ~ C M B ~ ~ ~ ~ ~ ~  Z D A T 0 0 2 5  
E O U I V A L E N C E  ( N S A V E  r C M B ( 2 4 l ) ) r ( N S H O T  r c M A ( 9 2 9 ) ) r ( N S T  r C M A ( 7 0 8 ) )  Z D A T 0 0 2 6  
E Q U I V A L E N C E  ( N V A R  T C M B ( O ~ ~ ) ) T ( ~ H L A T D T C M A ( ~ ~ ~ ) ) T ( O B L A T H , C M A ( ~ ~ ~ ) )  Z D A T 0 0 2 7  
E Q U I V A L E N C E  ( O B L A T J r C M A ( 8 1 R ) ) r ( O B L A T N 1 C M A ( 8 1 5 ) ) r ( P E R B  r C M B ( 0 5 5 ) )  Z D A T O O Z R  
E Q U I V A L E N C E  ( P E R I O D T C M A ( Q ~ O ) ) T ( R E R U N  rCMA(927))r(REVOLVrCMA(799)) Z D A T 0 0 2 9  
E Q U I V A L E N C E  ( R O  r C M A ( 9 0 4 ) ) r ( R O A  r C M 6 ( 0 6 2 ) ) r ( S T E P  r C M B ( 1 6 6 ) )  Z D A T 0 0 3 0  
E Q U I V A L E N C E  ( S T E P 6  ~ C M B ( ~ ~ ~ ) ) T ( S T E P M X T C M A ( ~ O ~ ) ) T ( T K T I M E T C M A ( R O ~ ) )  Z D A T 0 0 3 1  
E Q U I V A L E N C E  ( T M I N B  r C M B ( 1 7 8 ) ) r ( T M I N l  r C M 6 ( 1 6 9 ) ) r ( T O L  r C M B ( 0 4 4 ) )  Z D A T 0 0 3 2  
E Q U I V A L E N C E  (TSTARTrCMA(796))r(VSTARTrCMA(797))r(ZLAMO r C M A ( 8 8 3 ) )  Z D A T 0 0 3 3  
E Q U I V A L E N C E  ( Z L A M 4  r C M A ( 8 8 4 ) )  Z D A T 0 0 3 4  
I N T E G E R  C M A X T S T E P T S T E P M X T C L E A R T S T E P B ~ R E R U N  Z D A T 0 0 3 5  
D A T A  Z D A T 0 0 3 6  
l A / 2 0 9 2 5 7 3 2 . 0 / ~  Z DA T O 0 3  7 
l(ANGLES(I)~I=1~2)/2~.310293~279.461759/~ Z D A T 0 0 3 R  
J . A S T A R T / O . O / r  Z D A T 0 0 3 9  
l U / 2 O R 5 5 5 6 8 . 0 / ~  Z D A T 0 0 4 0  
Z D A T O 0 4  1 
1 C M A X / Z O /  T Z D A T 0 0 4 2  
l C O N M / 3 . 2 R O R 3 9 8 / r  Z D A T 0 0 4 3  
l C O N N / O . 2 2 4 8 1 9 0 5 /  Z D A T 0 0 4 4  
D A T A  Z D A T 0 0 4 5  
1 ( D E L M X ( I ) r I = l r 3 ) / 3 3 1 0 . 0 / r  Z D A T 0 0 4 6  
1 ~ D E L M X B ~ I ~ r I ~ l r 2 ~ / 1 0 ~ 0 ~ 1 0 ~ 0 / ~  Z D A T 0 0 4 7  
1 D E L T B T / 2  . O /  T Z D A T 0 0 4 8  
l D E L T K T / . l / r  Z ' D A T 0 0 4 9  ' 
Z D A T 0 0 5 0  
Z DA TOO 5 1 
1 ER E F / 1 E - 0  5/ T Z D A T 0 0 5 2  
l E R L I M T / 3 . 0 E - O 5 / r  Z D A T 0 0 5 3  
l E R R / l . E - O 4 / r  Z D A T 0 0 5 4  
l E R R M X K / l . O E - O h / r  Z D A T 0 0 5 5  
Z D A T 0 0 5 6  
l C L E A R / l / r  
l D E L T S T / 1 0 . 0 / r  
l D T I M E  / l o o / *  
~ ( E R R O R ( I ) T I = ~ T ~ ) / ~ . E - O ~ ~ ~ ~ E - O ~ / T  
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.......-... . . .I, I, 111 I I I I 111 I I I 
Z D A T 0 0 5 7  
Z D A T O O 5 R  
Z D A T 0 0 5 9  
Z D A T 0 0 6 0  
Z D A T O O 6  1 
Z D A T 0 0 6 2  
Z D A T 0 0 6 3  
Z D A T 0 0 6 4  
Z D A T 0 0 6 5  
Z D A T 0 0 6 6  
Z D A T 0 0 6 7  
Z D A T 0 0 6 8  
Z D A T 0 0 6 9  
Z D A T 0 0 7 0  
Z D A T 0 0 7  1 
Z D A T 0 0 7 2  
Z D A T 0 0 7 3  
Z D A T 0 0 7 4  
Z D A T 0 0 7 5  
Z D A T 0 0 7 6  
Z D A T 0 0 7 7  
Z D A T 0 0 7 8  
Z D A T 0 0 7 9  
Z D A T 0 0 8 0  
Z D A T 0 0 8 1 .  
Z D A T 0 0 8 2  
I D A T 0 0 8 3  
Z D A T 0 0 8 4  
Z D A T 0 0 8 5  
Z D A T 0 0 8 6  
I D A T 0 0 8 7  
Z D A T 0 0 8 8  
Z D A T 0 0 8 9  
Z D A T 0 0 9 0  
Z D A T 0 0 9  1 
Z D A T 0 0 9 2  
Z D A T 0 0 9 3  
Z D A T 0 0 9 4  
Z D A T 0 0 9 5  
Z D A T 0 0 9 6  
Z D A  T O 0 9  7 
Z D A T 0 0 9 8  
Z D A T 0 0 9 9  
Z D A T O l O O  
Z D A T O l O l  
Z D A T O l O 2  
Z D A T O  103 
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S U R R O l J T I N E  DETERY(A IOIN IM)  
C 
C D E T E R M  C O M P U T E S  T H E  V A L U E  O F  D E T E R M I N A N T S .  
C 
C O M M O N / I N V D E T / F ( ~ O I ~ O )  
D I M E N S I O N  A ( M I M )  
h A = N -  1 
DO 1 I = I T N  
DO 1 J = ~ I N  
1 F ( I * J ) = A ( I I J )  
DO 5 L = l r N A  
L A = L + l  
I F ( F ( L I L ) . N E * O . O )  GI1 T O  4 
DO 3 I = LAIN  
I F ( F ( I I L ) . E O . O . O ) G O  T O  3 
00 2 J=LIN 
Z = F ( L I J )  
F ( L I J ) = F ( I I J )  
2 F ( I I J ) = - Z  
GO TO 4 
3 C O N T I N t J E  
D=O * o  
R F T t J R N  
4 DO 5 I = LAIN 
G = F ( I I L ) / F ( L I L )  
D O  5 J = L A I N  
5 F ( I I J ) = F ( I I J ) - G = F ( L I J )  
D= l ,O  
00 6 I = 1 r N  
h D = D * F (  I T I )  
R E T I J R N  
E N 0  
Z D O T 0 0 0 2  
Z D O T 0 0 0 3  
Z D O T 0 0 0 4  
Z D O T 0 0 0 5  
Z D O T 0 0 0 6  
Z D O T 0 0 0 7  
Z D O T 0 0 0 8  
Z D O T 0 0 0 9  
F U N C T I O N  D O T ( A I R )  
C 
C D O T  C O M P U T E S  T H E  D O T  PRODlJCT OF V E C T O R S  A A N D  6. 
C 
D I M E N S I O N  A 1 3 ) 1 6 ( 3 )  
DO 1 J = 113 
1 O O T = A ( l ) ~ R ( l ) + A ( 2 ) * R ( 2 ) + A ( 3 ) * ~ ( 3 )  
R E T U R N  
E N D  
94 
Z D E T O O O l  
Z D E T 0 0 0 2  
Z D E T 0 0 0 3  
Z D E T 0 0 0 4  
Z D E T 0 0 0 5  
Z D E T O O O 6  
Z D E T 0 0 0 7  
Z D E T O O O R  
Z D E T 0 0 0 9  
Z D E T O O l O  
Z D E T O O l l  
Z D E T 0 0 1 2  
Z O E T O O  13 
Z D E T 0 0 1 4  
Z D E T 0 0 1 5  
Z D E T O O l 6  
Z D E T O O l 7  
Z D E T O O l R  
Z D E T 0 0 1 9  
Z D E T 0 0 2 0  
Z D E T O O 2 l  
Z D E T 0 0 2 2  
Z D E T O O Z  3 
Z D E T 0 0 2 4  
Z D E T O O 2  5 
Z D E T 0 0 2 6  
Z D E T 0 0 2 7  
Z D E T 0 0 2 8  
Z D E T 0 0 2 9  
Z D E T 0 0 3 0  
Z D E T 0 0 3 1  
Z D E T 0 0 3 2  I 
Z D O T O O O l  
I 
SUHROIJT  I N E  E O U A T  1 
I, 
C S I I H R O I J T I  N E  E O U A T  1 C U N T A I  N S  T H t  E O I l A T  I O N S  I-OR T H E  
C O E K I V A T I V E S  W H I C H  M t I S T  H E  E V A L U A T E 0  I N  0 R I ) E R  T O  I N T E G R A T E  
C T H E  E Q U A T I O N S  O F  M O T I O N  A N D  T H E  V A R I A T I T I N A L  E O U A T I O N S  F O R  T H E  
C I J P P F R  P H A S E  P O R T I O N  DF T H E  I)ECK. N O T E  P A G t S  FOIJR THRIILJGH S I X  
C I N  P A Y L O A D  O P T I M I Z A T I O N  OF M U L T I S T A G E  L A I I N C H  V E H I C L E S  
C ( N A S A  T N - 3 1 7 1 ) .  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) t C M R ( 1 0 0 0 )  
D I C l t N S I O N  T S  ( 6  1 
E O L I I V A L E N C E  ( C P S I  t C M A ( 8 H f l ) ) r ( D O M E G A T C M A ( 5 0 5 ) ) , ( l ~ P H I  r C M A ( 5 0 3 ) )  
E O I J I  V A L E N C E  ( D R  tCMA(Ljg3))t(nRMASStCMA(50l))r(DIJ ~ C F n A ( 5 0 4 )  1 
E O O I V A L E N C E  ( D Z L A M ~ ~ C M A ( ~ ~ ~ ) ) T ( D Z L A M ~ ~ C M A ( ~ ~ ~ ) ) ~ ( ~ ) Z L A M ~ ~ C M A ( ~ ~ R ) )  
E O 1 l I V A L E P J C E  ( F D M  t C M A  ( R f l h )  ) 9 ( F L O W  9 C M A (  fl77 1 1 9  ( F M  t C M A ( 7 1 5 )  1 
E O I I I V A L E N C E  (C, t C M A ( 7 l h ) ) i ( I M O D E  r C M R ( O b l ) ) r ( ~ S T A G E t C M A ( 7 1 0 ) )  
E O I I I V A L E N C F  U I M E  y C M A ( 4 0 9 )  1 ,  ( T S  t C M A ( 9 3 2 )  ) r ( L J  t C M A  ( 404 
E O I I I V A L E N C E  ( V  r C M A ( ' l R 9 )  ) r ( V F L . E X  t C P A ( H 7 0 ) ) r ( Z L A M l  r C M A ( 4 0 h ) )  
E O L I I V A L E N C E  ( Z L A M 2  T C M A ( ~ ( ) ~ ) ) ~ ( I L A W ~  t C M A ( 4 O R ) )  
c 
c C A L C I J L A T E  T H E  S I N F  A N D  C O S I N E  I l k  T H F  T H R I J S T  A N G L E  
I F ( 7 L A M 2 . l V E . 0 . 0 )  GO T O  1 
c P s I = o  .o 
S P S I = S I G N ( l . O , Z L A M l )  
G O  T O  2 
1 T P S I = Z L A M l / Z L A Y 2  
T P S I S O  = T P S I * * 2  
D E N O M = S O R T (  l . O + T P S I S O )  
S P S I = S I G N ( T P S I / D E N O M , Z L n M 1 )  
C P S I  = S I G N (  l . r ) / l l F N O M t Z L A Y 2 )  
C 
2 P S I = A R C T A N ( S P S I , C P S I )  
R S O = R * * 7  
3 F DM= V E L F Xi: F L n W / R M A S S 
C 
c I I E R  I V A T  I V E  O F  WE I G H T  
C 
C D E R I V A T I V E S  OF T H E  E ( . l I I A T I O N S  OF M O T I O N .  
4 D R M A S S  = +Lnw 
I>R = I J  
D P H I  = OMEGA 
1111 = 0 ME G A *:* 2 * 4 - F M / R S O+ k DM * S P S 1 
DOMEGA = - ? . o * U * D M E 6 A / K + F D M ~ C P S I / R  
C 
C D E R I V A T I V E S  O F  V A R I A T I O N A L  E O l l A T  IONS.  
0 Z L A M  1 = 2 . 0 :<OF1 E G A:* Z L A M 2 - Z L A M  3 
D Z  L A  MZ =-2. O i r  I1M E G A* Z L AM 1 + L J *  Z L A M  2 / R -2 L A t44 / R 
I) Z L A M 3  = I)O M E G A * Z L A MZ - ( 2 . 0 * F M / R S c)+O FI E G A * *2 * R ) * Z L A M  1 / R 
C 
C CLIMPIJTE T O T A L  V E L O C I T Y  
V = S O R T  ( I J ~ ~ * 2 + R S O * ( I M E ~ A ~ ~ * 2  
R E T IJRN 
E N D  
Z E O A O O O l  
Z E O A 0 0 0 2  
Z E O A 0 0 0 3  
Z E O A 0 0 0 4  
Z E Q A 0 0 0 5  
Z E O A O O O h  
Z E O A 0 0 0 7  
Z E Q A 0 0 0 8  
Z E O A O 0 0 9  
Z E O A O O l O  
I E O A 0 0 1 1  
Z E O A 0 0 1 2  
Z E O A 0 0 1 3  
E Q A 0 0 1 4  
Z E O A 0 0 1 5  
Z E O A O O  l h  
Z E O A 0 0 1 9  
Z E O A 0 0 2  0 
Z E O A 0 0 2 1  
Z E O A 0 0 2 2  
Z E 1 J A 0 0 2 3  
Z E O A 0 0 2 4  
Z E 0 A 00 2 5 
Z E O A 0 0 2 h  
Z E O A 0 0 2 7  
Z E O A 0 0 2 8  
Z E O A 0 0 2 9  
Z E O A 0 0 3 0  
7 E O A 0 0 3 1  
Z E O A 0 0 3 2  
Z E O A 0 0 3 3  
Z F O A 0 0 3 4  
Z E O A 0 0 3 5  
Z E O A 0 0 3 6  
Z E O A 0 0 3 7  
Z E O A 0 0 3 f l  
Z F O A O O 3 9  
Z E O A 0 0 4 0  
Z E O A 0 0 4 1  
Z E O A 0 0 4 7  
2 € C I A 0 0 4 3  
Z E O A 0 0 4 4  
Z E O A 0 0 4 5  
Z E O A 0 0 4 h  
Z E O A 0 0 4 7  
Z E O A O 0 4 f l  
Z E Q A 0 0 4 9  
Z E O A 0 0 5 0  
Z € O n 0 0 5  1 
Z E O A 0 0 5 2  
Z E O A 0 0 5 3  
Z E O A O O 5 4  
Z E O A Q 0 5 5  
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SIJHROIJT I N E  E O U A T 7  Z E O A O O O l  
Z E O A 0 0 0 2  
S I J H R O O T I N E  E O l J A T 2  C U N T A I N S  T H E  E O I J A T I U N S  F O R  T H E  D F R I V A T I V F S  Z E O A 0 0 0 3  
O F  T H E  E O U A T I I I N S  O F  MCITIOI\I F O R  T H E  RO13STER P H A S E  ANI) A L S O  C A L L S  Z E O A 0 0 0 4  
T H E  S U B R O U T I N E S  W H I C H  CTIMPIJTE A E R O D Y N A M I C  PND P R O P I I L S I O N  Z E O A 0 0 0 5  
T E S T  FOR O H L A T E N F S S  P E K T ( J R R A T 1 f l h l  C C 1 M P l J T A T I I l N .  
I F ( I I R L  A TN. NE. 0.0 C A L L  O H L  A T  F 
C A L L  A E R O D Y N A M I C  R O I I T I N E S  
C A L L  A T M O S  
C A L L  A F R O  
Z E O A O O O h  
Z E O A 0 0 0 7  
Z EOAOOOFI 
Z F O A 0 0 0 9  
Z F O A O O l O  
1 Z E O A O O l l  
* C M A (  7 1 5  ) Z E O A 0 0 1 2  
r C M A ( 7 5 4 ) )  Z E O A 0 0 1 3  
r C M A ( 4 0 1 )  Z E O A 0 0 1 4  
Z E O A 0 0 1 5  
7 E C l A 0 0 1 6  
Z E O A O O l 7  
Z E O A O O l R  
Z E O A O O  19 
Z E O A 0 0 2 0  
Z E O A O O i l 1  
Z E O A 0 0 2 2  
Z E O A 0 0 2 3  
Z F O A 0 0 2 4  
Z E O A 0 0 2 5  
Z E O A 0 0 2 6  
Z E r S A 0 0 2 7  
Z F O A 0 0 2 8  
Z E O A 0 0 2 9  
Z E O A 0 0 3 0  
Z E O A 0 0 3 1  
Z F O A 0 0 3 7  
Z E O A 0 0 3 3  
C A L L  S I M P R [ l  FOR 1 - H R I I S T  A N D  FLOW D A T A  
C A L L  S I M P R I )  
D F R I V A T I V E  OF W t I G H T  
XDOT ( 7  =-FLnW 
I I E R I V A T I V E S  OF F O I J A T I O N S  O F  M O T I l l h l  I N  R F C T A N G U L A R  C D O K D I N A T F S .  
X D I I T  ( K + 5  = V X  ( K  
D n  z ~ = i * 3  
2 X D ( I T ( K + 2 ) = C ( l M P A ( K ) - ~ M ; ~ R ~ ( K ) / R R ( 4 )  
D E R I V A T I V E  O F  T O T A L  H E A T I N G  P A R A M E T E R .  
XDCIT ( 1 ) = Q * V A T M (  5 
R E T U R N  
E N I) 
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Z E O A 0 0 3 4  
Z E O A 0 0 3 C  
Z E O A 0 0 3 t  
Z F O A 0 0 3 7  
Z E O A 0 0 3 E  
Z F O A 0 0 3 S  
Z E O A 0 0 4 C  
Z E O A 0 0 4 1  
Z E O A 0 0 4 2  
Z E O A 0 0 4 3  
Z E O A 0 0 4 4  
Z F O A 0 0 4 5  
Z E O A 0 0 4 h  
ZE.OP.0047 
Z E Q A 0 0 4 8  
Z E O A 0 0 4 9  









S I J H R O I I T I N E  E R K U R Z  
S l J B R O I l T I N E  E R R O R Z  I S  P A R T  O F  T H E  I N T E G K A T I O N  ERROR A N D  
S T E P S I Z E  C O N T R O L  P A C K A G E .  S I N C E  A T R A J E C T O R Y  I JSFS B O T H  
C O M P A R I N G  T H E  O I F F E K E N C E S  R E T W E E N  T H E  F O I J R T H  O R D E R  RIJNGE-K IJTTA 
ANI)  S I M P S O N  S C H E M E S  W I T H  SlllJlF M E A S U R E  OF T H E  I M P O R T A N C E  O F  T H E  
O I F F E R f N C E  F O R  B O T H  O F  T H E S E  S Y S T E M S .  F O R  A O I S C U S S I O N  O f  T H E  
I N T E G R A T I O N  M E T H O O  A N D  E R R O R  AND S T E P S I Z E  C O N T R O L ,  S E E  T H E  
N - B O D Y  CODE - A G E N E R A L  F O R T R A N  C O D E  FOR S C I L O T I O N  O F  PROBLEM: 
I N  S P A C F  M E C H A N C I S  H Y  I \ ! I I M F K I C A L  M F T H O D S ,  H Y  M I L L I A M  C. S T R A C K ,  
K F C T A N G ~ J L A R  AND P O L A R  CIIOROINATES, P K n v I s I m  I S  M A D E  FOR 
WILHIIR F. I)I)HSUN, AND V E A R L  ri. HIIFF, N A S A  T N  D-1455. 
COM!'lON / C S T A R /  C M A ( 1 0 0 0 ) , C M B ( 1 0 0 0 )  
COMMON /R(JNG/S(JN ( 125  1 
D I M E N S I ( 1 N  C H E C K  (10 ) r R E L E R R ( 1 0 0  ) , X I N G  (100 1 
E Q U I V A L E N C E  ( A 1  ,R IJN(  101) 1 I ( A 2  , R I J N ( 1 0 2 ) ) , ( l ) E L T  p C M A ( 7 0 1 )  
E Q U I V A L E N C E  ( E 2  7 RIJV ( 1 0 5  1 9 ( I MODE p C M R  ( O b  1 9 ( N E 0  7 CMA ( 709 1 1 
E O I I I V A L E R I C E  ( R  q C " l A ( 4 0 2 ) ) p ( K R 5  p C M A ( 7 5 A ) ) , ( R E L E R R p R U N ( 0 0 1 ) )  
E O I J I V A L E N C E  ( R M A S S  v C M A ( 4 0 1 )  ) t ( S T E P G O , R l J h 1 ( 1 1 2 )  ) , ( V  y C M A ( R 8 9 ) )  
E O I J I V A L E N C E  ( V X 5  , C M A ( 7 h 3 ) ) , ( W E I G H T ~ C M A ( 4 0 2 ) ) t ( X I N C  , R I J N ( O O l ) )  
E 4 1 J I V A L E N C E  ( Z L A M 1  p C M A ( 4 0 6 ) ) , ( Z L t 4 M Z  , C Y A ( 4 0 7 ) ) * ( Z L A M 3  p C M A ( 4 0 8 ) )  
I N T E G E Q  S T E P G O  
O A T A  C H F C K  ( 9 )  / 1  . 0 E + 1 0 /  
F 2 = 0  .o 
I F ( I M O D E . E Q . 2 )  G O  T O  1 
C O M P A R I S O N  A R R A Y  FOR B O O S T E R  I N T E G R A T E 1 1  V A R I A B L E S  
C H E C K ( 2 ) = W E I G H T  
V X S A  = V X 5  + 100.0 
C H E C K ( 3 ) = V X 5 A  
C H E C K ( 4 ) = V X S A  
C H E C K ( 5 ) = V X 5 A  
C H E C K ( h ) = R R 5  
C H E C K ( 7 ) = R H 5  
C H E C K ( A ) = R R S  
NST=i !  
G O  T O  3 
C O M P A R I S O N  A R R A Y  F O R  U P P E R  P H A S E  I N T E G R A l l r D  V A R I A B L E S  
IF(AHS(ZLAM3).LT.AHS(HOLD)) GO TO 2 
H O L D = Z L A W 3  
2 D € N O M = S O R T ( Z L A M I a ~ Z L A M l + Z L A M 2 * Z L A M 2 )  
C H E C K ( l ) = R M A S S  
C H E C K ( Z ) = R  
C H E C K ( 3 ) = 6 . 2 8 3 1 8 5 3  
C H E C K ( 4 ) = V  
C H E C K ( 5 ) = V * R  
C H E C K  (6 1 = D E N D M  
C H E C K ( 7 ) = D E N O M  
C H E C K  ( R 1 = H O L D  
C H E C K ( l O ) = D E N O Y  
N S T = 1  
1 I F ( S T E P G O . E O . 0 )  HULL) = 1.0 
3 00 5 J = N S T t N E O  
Z E R R 0 0 0  1 
Z E  R K 0 0 0 2  
Z E R R 0 0 0 3  
Z E R R 0 0 0 4  
Z E R R 0 0 0 5  
Z F R R 0 006 
Z E R R 0 0 0 7  
Z E RROOOR 
Z E R R 0 0 0 9  
Z E R R O O l O  
Z E R R O O l l  
Z E R R 0 0 1 2  
Z E R R O O l  3 
Z E R R 0 0 1 4  
Z E R R O O l  5 
Z E R R O O l 6  
Z E R R 0 0 1 7  
Z E R R 0 0  18 
Z E R R 0 0 1 9  
Z E R R 0 0 2 0  
Z E R R 0 0 2 1  
Z F R R 0 0 2 2  
Z E R R  00 2 3 
Z E R R 0 0 2 4  
Z ER R 002 5 
Z E R R 0 0 2 6  
Z E R R O O Z  7 
Z E R R 0 0 2 A  
Z E U R O 0 2 9  
Z E R R 0 0 3 0  
Z E R R 0 0 3  1 
Z E R R 0 0 3 2  
Z ER R 00 3 3 
Z E R R 0 0 3 4  
Z E R R 0 0 3 5  
Z E R ROO 36 
Z E R R 0 0 3 7  
Z E R R 0 0 3 R  
Z E R R 0 0 3 9  
Z F R R 0 0 4 0  
Z E R R 0 0 4 1  
Z F R R 0 0 4 2  
Z F R R 0 0 4 3  
Z E R R 0 0 4 4  
Z E R R 0 0 4 5  
Z E R R 0 0 4 6  
Z E R R 0 0 4 7  
Z E R R 0 0 4 8  
Z E R R 0 0 4 9  
Z E R R 0 0 5 0  
Z E R R 0 0 5 1  
Z E R R O O 5 2  
Z E R R 0 0 5 3  
Z E  R R O O 5 4  
Z E R R 0 0 5 5  
Z E R K 0 0 5 b  
97 
c 
C D I V I D E  D I F F E R E N C E S  I N  TWO I N T E G R A T I O N  S C H E M E S  B Y  C O M P A R I S O N  
C A R R A Y  ANI) F I N D  L A R G E S T  A H S n L I J T E  FRROY.  
C 
R E L E R R ( J ) = X I N C ( J ) / C H E C K ( J )  
I F ( A H S ( R E L E R R ( J ) ) - E 2 )  5 r 5 r 4  
4 E 2 = A H S ( R E L F H R ( J ) )  
5 C O N T I N l l E  
C C O M P U T E  F A C T I I R  I N  S T E P - S I Z F  C O N T R O L  E I S O A T I U N .  
E 2 = E 2 + 2 . E - 0 8  
A 1 = A 2  
A 2 = A L O G ( E 2 ) - 5 . 0 ~ A L O G ( B H S O )  
R E  T O R N  
E N D  
Z E R R 0 0 5 7  
Z E R R 0 0 5 8  
Z E R R 0 0 5 9  
Z E R R 0 0 6 0  
Z E R R 0 0 6 1  
Z F R R 0 0 6 2  
Z E R R 0 0 6 3  
Z E R R 0 0 6 4  
Z E R R 0 0 6 5  
Z E R R 0 0 6 h  
Z E R R 0 0 6 7  
Z E  R R 0 0 6 8  
Z E R R 0 0 6 9  





















S I 1 H R C ) I I T I N E  F I N A L ( N )  
S I I R R T I U T I V E  F I N A L  C O M P I J I E S  T H F  D I F F F P E N C E S  H t T W E E N  T H E  
A C T I J A L  F I N A L  C O N D I T I O N S  A C H I E V E D  I h  T H E  I N T E G R A T E 1 1  T R A J E C T I I R Y  
ANL) T H E  iOESIF Ik I3  F I N A L  C O N l ) I T I I . I N S .  
COMM1)N / C S T A R /  C W A (  1000)  ,CMH( 1000) 
C ( IMMON 
DI rJ !ENSI (J tV  C O N S T  ( 5  17 ) r F L O M X  ( 6  ) ,FY ( 6  r h  1 
D I M E N S I I 3 N  F Y D  ( 5  ) , I I ) A T A  ( 6  r 5  ) v J F I N A L ( b  1 
/ t I N C M  P / F N C  P ( 6 9 5 1 
D I M E N S I O N  P R G P  ( 6  1 r S  ( 6  T 2  ) 
E O I J I V A L F N C E  ( H E T A  ( C M A ( 8 8 0 ) )  , ( C O N S T  , C M A ( 8 9 4 )  1 ,  ( D E L T A V I C M A ( R h 1 )  1 
E O U I V A L E N C E  ( E N E R G Y r C M A ( 8 9 2 ) ) r ( F L O M X  , C M A ( R 3 7 ) ) r ( F M  r C M A ( 7 1 5 )  1 
E O I J I V A L E N C E  ( F Y  r C M 4 ( Y 4 3 )  ) , ( F Y D  v C M H ( 0 3 6 )  ) , ( I D A T A  v C M R ( O 8 6 ) )  
E Q U I V A L E N C E  ( J F I N A L , C P I H (  1 3 6 ) )  7 ( L A S T  , C M A ( 8 Y O )  1 7  ( N C U T E  , C M A ( 8 9 3 )  
E O l l I V A L E N C E  ( N F I N A L v C M A ( H 7 9 )  1 ,  ( N n P T A  , C M B ( 0 7 0 )  1 ,  ( O M E G A  r C M A ( 4 0 5 )  1 
E O I J I V A L E N C E  ( P R O P  , C b I A ( H 4 9 ) )  9 ( R  , C M A ( 4 0 2 ) ) 1 ( R M A S S  v C M A ( 4 O l ) )  
E O I J I V A L E N C E  ( S  r C M R ( 0 7 4 ) ) , ( I . J  r C W A ( 4 0 4 )  ) 7 ( V  r C M A ( R R 9 ) )  
E O O I V A L E N C E  ( V E L E X  , C M A ( 8 7 0 )  1 ,  ( Z L A M l  r C M A ( 4 @ 6 )  ) , ( Z L A M 2  r C M A ( 4 0 7 ) )  
E O I J I V A L E N C E  ( Z L A M 3  r C M A ( 4 O R )  ) 
1 = 0  
I F ( N C 1 J T E . E O . O )  I = 1 
GO TCI ( 1 1 2 9 3 r 4 ) 1 N F I N A L  
F I N A L  C O N D I T I O N S  F O R  S P F C I F I E D  R A D I I I S r  R A D I A L  V E L O C I T Y ,  A N D  
A N G I I L A R  V E L O C  I TY.  
1 F Y ( N 9 1  ) = R - F Y D ( l )  
F Y ( N , Z ) = U - F Y D ( Z )  
F Y I N , 3 ) = O M € G A - F Y D 1 3 )  
GO T O  5 
F I N A L  C O N D I T I O N S  F O R  S P E C I F I E D  E N E R G Y ,  W I T H  O P T I M I Z E D  R A O I U S  A N D  
V E L  I!C I T Y . 
F Y  ( N - 2  = Z L A H 2 * 1 1 - Z L A M l * O M F G A * R  
2 F Y ( N I 1  ) = Z L A M 3 * I l - Z L A M l e ( R ~ O M E ~ A ~ ~ * 2 + F M / R * * ~ )  
F Y  ( N , 3 ) = ( ~ l * * Z + I R * O M F G A ) ~ * 2 ) / ~ . O - F M / R - E N F R G Y  
GO T O  5 
F I N A L  C O N D I T I O N S  F O R  S P E C I F I E L )  E N E R G Y  A N D  F L I G H T  P A T H  A V G L E  W I T H  
O P T  I M I  Z E D  R A D  I O S .  
V E L = U * r 2 + ( R ~ c O f ~ E G A  ) * * 2  
3 F Y ( N , l ) = I J / R / O M E G A - S I N ( E F T A ) / C ( ~ S ( H E T A )  
F Y  ( N 9 2  )=ZLAIU\3 -ZLAM2*UMEC,A/VEL* (  F M / R + V E L  ) - Z L A M l ‘ k F M * U / V E L / R * * 2  
F Y ( N T ~ ) = V E L / ~ . O - F M / R - E N E R G Y  
G O  T O  5 
F I N A L  C O N D I T O N S  F O R  S P E C I F I E D  E N E R G Y  A N D  P E R I G E E  R A D I U S  W I T H  





F Y ( N , Z ) = Z L A M l ~ ( R s T ~ M E G A ~ ~ 2 - F M / R S ~ ) + l ~ ~ ( Z L A ~ 3 - 2 . O ~ O M E ~ A ~ Z L A M 2 )  
F Y ( N , 3 ) = 0 . 5 * V * * 2 - F M / R - E N E R G Y  
Z F  I N O 0 0 1  
Z F  I N 0 0 0 2  
Z F  I N O 0 0 3  
Z F  I N O 0 0 4  
Z F  I N O 0 0 5  
Z F I N O 0 0 6  
Z F I N O 0 0 7  
Z F I N 0 0 0 8  
Z F  I N O 0 0 9  
Z F I N O O l O  
Z F  I N O 0 1 1  
Z F I N 0 0 1 2  
Z F I N O 0  1 3 
Z F  I N 0 0 1 4  
Z F I  N O 0 1 5  
Z F I 1 \ 1 0 0 1 6  
Z F  I N O 0 1 7  
Z F  I WOO18 
Z F  I N O 0 1  9 
Z F  I N 0 0 2 0  
Z F I N O 0 2  1 
Z F  I N 0 0 2 2  
Z F  I N O 0 2 3  
Z F I N 0 0 2 4  
Z F  I N O 0 2 5  
Z F I N O 0 2 6  
Z F I N O 0 2 7  
Z F I N O O Z R  
Z F I N 0 0 2 9  
Z F I N 0 0 3 0  
Z F I N 0 0 3 1  
Z F I N O 0 3 2  
Z F  I N O 0 3 3  
Z F  I N 0 0 3 4  
Z F  I N O 0 3 5  
Z F I N 0 0 3 h  
Z F  I N O 0 3 7  
Z F  I N 0 0 3 8  
Z F I N 0 0 3 9  
Z F IN0040 
Z F  I N O 0 4 1  
Z F I N 0 0 4 2  
Z F  I N O 0 4 3  
Z F  I N 0 0 4 4  
Z F I N O 0 4 5  
Z F  IN0046  
Z F  I N O 0 4 7  
Z F  I N 0 0 4 8  
Z F I N O 0 4 9  
Z F  IN0050  
Z F I  N O 0 5 1  
Z F  IN0052  
Z F  I N O 0 5 3  
Z F I N O 0 5 4  
Z F I N 0 0 5 5  



















T H I S  S E C T I O N  C O N T A I N S  T H E  F I N A L  C O N D I T I O N S  FOR O P T I M I Z I N G  S T A G E  
S I Z E .  Tk iE E Q I J A T I O N  NIJMHERS FROM P A Y L O A D  O P T I M I Z A T I O N  OF 
M I I L T I S T A G E  L A l J N C H  V E H I C L E S  A R F  L I S T t L )  W I T H  T H E  E O U A T I O N .  
I F ( J F I N A L ( J ) . E O . O )  GO TO 11 
K = J F I N A L ( J 1  
I = I + l  
GO TO ( h 9 9 ) t K  
5 D O  11 J = l 9 L A S T  
6 i F (  I D A l A ( J + l T 5 ) . E 0 . 0 )  GCI TO 7 
EOtJAT I O N  4 1 C  
F Y  ( N 9  I+2 ) = C C I N S T (  J71 
G O  T O  11 
7 I F ( J . G T . N O P T A )  GO TCI 8 
E O l l A T  I ON 
F N C P (  J t 1  
F N C P (  J 9 2 
FY ( N t  I+2 
GO TO 11 
EOIJAT r TIN 4 8 A  
= S A D D B (  1 * N [ I P T A + l t  J )  
T H E  F I N A L  W E I G H T  I S  S T O R E D  I N  F Y ( N i h )  
F Y  ( NI h 1 =RrSASS 
9 E TIJRN 
E N D  
Z F I  N O 0 5 7  
Z F I N 0 0 5 8  
Z F I N O 0 5 9  
Z F  I N 0 0 6 0  
Z F  I N O 0 6 1  
Z F  I N 0 0 6 2  
Z F I N O 0 6 3  
Z F  I N 0 0 6 4  
Z F  I N O 0 6 5  
Z F I N 0 0 6 6  
Z F  I N O 0 6 7  
Z F I N 0 0 6 8  
Z F I N 0 0 6 9  
Z F  I N 0 0 7 0  
Z F I N 0 0 7 1  
Z F I N O 0 7 2  
Z F I N 0 0 7 3  
Z F  I N 0 0 7 4  
Z F I N 0 0 7 5  
I F I N 0 0 7 6  
Z F I N 0 0 7 7  
Z F  I N 0 0 7 8  
Z F I N O 0 7 9  
Z F  I N 0 0 8 0  
Z F  I N O 0 8 1  
Z F I N O O B Z  
Z F  I N O 0 8 3  
Z F  I N 0 0 8 4  
Z F I N 0 0 8 5  
Z F I N O 0 8 6  
Z F I  N O 0 8 7  
Z F  I N 0 0 8 8  
Z F I N O 0 8 9  
Z F  I N 0 0 9 0  
ZF I N O 0 9 1  
Z F I N O O 9 2  
Z F I N O 0 9 3  
Z F I N O 0 9 4  
Z F I N 0 0 9 5  
Z F I N O 0 9 6  
Z F I N 0 0 9 7  
Z F I N 0 0 9 8  
Z F I N 0 0 9 9  
Z F  I N O l O O  
Z F I N O 1 0 1  
Z F I N 0  1 0 7  
Z F  I N O 1 0 3  
Z F I N O 1  04 
Z F  I N O 1 0 5  
Z F I N 0  1 O h  
Z F I NO 1 0 7  
Z F I N O l O R  
Z F  I N O 1 0 9  
Z F  IrY0 110 
Z F  J NO1 11 
100 
SIJBROIJT I h E  I N V E R T  ( A, H r N r  S I Z E  1 
T H I S  S I J R R O U T I N E  I N V E R T S  A N O N S I I \ ! G I I L A R  NXIV M A T R I X .  
I N T E G E R  S I Z E  
I> I M E N S  I ON A ( S I Z f t  S I Z E  1 r H ( S I Z E 9 S I Z E  1 
COMMON / I N V D E T /  F ( 10 7 10 
Z I N V O O O l  
2 I N V 0 0 0 2  
Z I N V 0 0 0 3  
Z I N V O 0 0 4  
Z I N V 0 0 0 5  
Z I N V O O O h  
Z I N V O 0 0 7  
Z I N V O O O R  
Z I N V 0 0 0 9  
z I l V V 0 0  10 
Z I N V O O l l  
Z I N V 0 0 1 2  
Z I N V 0 0 1 3  
Z I N V 0 0 1 4  
Z I N V 0 0 1 5  
Z I N V 0 0 1 h  
Z I N V O 0 1 7  
Z I N V O O l R  
Z I N V 0 0 1 9  
Z I N V O O 2 O  
Z I N V 0 0 2  1 
Z I N V 0 0 2 2  
Z I N V 0 0 2 3  
Z I N V 0 0 2 4  
Z I N V O O 2 5  
z I N V 0 0 2 6  
Z I N V 0 0 2 7  
Z I N V 0 0 2 R  
Z I N V 0 0 2 9  
Z I N V O 0 3 O  
z Ih lv0031 
Z I N V O 0 3 2  
Z I N V 0 0 3 3  
Z I N V 0 0 3 4  
Z I N V 0 0 3 5  
Z I N V 0 0 3 6  
Z I N V 0 0 3 7  
Z I N V O 0 3 8  
Z I N V O 0 3 9  
Z I N V 0 0 4 0  
I I N V O O 4 1  
2 I N V O 0 4 2  
Z I N V 0 0 4 3  
2 I N V 0 0 4 4  
Z I N V O O 4 5  
Z I N V 0 0 4 h  
Z I N V 0 0 4 7  
211\1VO048 
Z I N V O O 4 9  
Z I N V 0 0 5 0  
Z I N V O 0 5 1  
Z I N V 0 0 5 2  
Z I N V 0 0 5 3  





















































S I J B R I I I J T  I N E  I T E R A T  ( X I  X I N C V  Y 9 D E S 1  R E t  T O L ,  1 ,  I M A X ,  I C O M ,  I F l lNCt  TEMPI  E R R  1 Z I T R O O O l  
Z I T R 0 0 0 2  
Z I T R 0 0 0 3  
Z I T K O 0 0 4  
Z I T R 0 0 0 5  T H E  F n L L O U I N G  P A R A M E T E R S  A R E  N E C E S S A R Y  TO O P E R A T E  T H E  
RIICIT I NE. Z I T R O O O h  
Z I T K O 0 0 7  X I N D E P E N D E N T  V A K  I A H L F  
Z I T K O 0 0 8  
X I N C  I 3 E L T A X  = X * X I N C  FOR S E C O N D  P A S S  Z I T R 0 0 0 9  
Z I T R O O l O  
Y D E P E N D E N T  V A R I A B L E  Z I T R O O l l  
Z I T R 0 0 1 2  
D E S  I R E  D E S I R E D  V A L l J E  [IF Y Z I T R 0 0 1 3  
S I J R R O I J T I N E  I T E K A T  I S  A G E N E R A L  I T F R A T I N G  R O i J T I N E .  
E O I J I V A L E N C E  ( O M E G A  , C M A ( 4 0 5 ) ) r ( P H I  , C M A ( 4 0 3 ) ) t ( P S I  t C K A ( 8 8 5 ) )  7 E O A 0 0 1 7  
E 0 1 J I V A L E I K E  ( R  y C M A ( 4 0 1 ) ) , ( R M A S S  * C M A ( 4 0 1 ) ) , ( S F ' S I  r C M A ( R F i 7 ) )  Z E O A O O l R  
Z I T R 0 0 1 4  
T O L  T O L E R A N C E  I N  Y F O R  C O N V E R G E N C E .  I F  Z E R O t O A T A  I S  Z I T R 0 0 1 5  
S T O R E D  R!JT 1\10 I T E R A ' I  I O N  OCCURS.  Z I T R O O 1 6  
Z I T R 0 0 1 7  
M U S T  R E  Z E R I I E D  t X T E R N A L L Y  H t F O K E  F I K S T  P A S S .  2 I T R 0 0 1 9  
Z I T R 0 0 2 0  
T O T A L  P A S S E S  A L L O W F D  Z I T R 0 0 2  1 I M A X  
Z I T R 0 0 2 2  
I C O M  F L A G  FUR E X T E R N A L  USE T O  I N D I C A T E  C O N V E R G E N C F  OR I M A X  Z I T R 0 0 2 3  
I CLl lJNTER I N C K F M E N T E I )  FOR E A C H  P A S S  T H R O U G H  R O U T I N E 9  I Z I T R 0 0 1 8  
I FIJNC F L A G  T O  I N D I C A T E  C H l I I C F  OF C f I N V E R G t N C E  T E C H N I O O F S .  
( S E E  HFLOW) 
T E M P  S T O R A G E  PROV I D E 0  B Y  C A L L  I NG PROGRAM. 
ERR V A L I J E  A G A I N S T  WHICH D E V I A T I O N  O F  Y F R n M  D E S I R E  I S  
C U M P A R F D .  ( C O M P A R I S O N  F I I N C T I n N )  
ICOM = I I T E R A T I N G .  
= 2 C O N V E R G F D .  
= 3 I M A X  E X C F E D F D .  
E L I M I N A T E S  N O R S T  V A L I J F  CIF X. 
= 4 L I N E A R .  
= 5 Y = A X * * 2 + R X + C  
= 6 X = A Y % + 2 + R Y + C  
D I MENS I nl\l T E M P  ( 5 9 2 1 
I N C R F M E N T  I 
I = I + l  
C O M P A R F  D I F F E R E N C E  W I T H  C O K P A R I S C I N  F l l N C T l O N  
Z I T R 0 0 2 4  
Z I T R 0 0 2 5  
Z I T R 0 0 2 6  
Z I T R 0 0 2 7  
Z I T R O O 2 8  
Z I T K O 0 2 9  
Z I T R O 0 3 0  
Z I T R O O 3 1  
Z I T K O 0 3 2  
Z I T R 0 0 3 3  
Z I T R 0 0 3 4  
Z I T R O 0 3 5  
Z I T R 0 0 3 6  
Z I T K O 0 3 7  
Z I T R 0 0 3 A  
Z I T K O 0 3 9  
Z I T R 0 0 4 0  
Z I T R 0 0 4 1  
Z I T R O O 4 2  
Z I T R 0 0 4 3  
Z I T R 0 0 4 4  
Z I T R 0 0 4 5  
Z I T R 0 0 4 h  
Z I ' T R 0 0 4 7  
Z I T R 0 0 4 8  
Z I T R 0 0 4 9  
Z I T R 0 0 5 0  
Z I T R 0 0 5 1  
Z I T R 0 0 5 2  
Z I T R 0 0 5 3  
Z I T R 0 0 5 4  
102 
I l = Y - D E S  I R E  Z I T R O O 5 5  
E R R O R = A H S ( D / E R R )  Z I T K O 0 5 6  
C Z I T R O O 5 7  
C P R E V I O U S  E R R O K  S T O R E I )  I N  T E M P ( 5 t l )  Z I T R 0 0 5 8  
C H E C K = E K K O R - T E M P ( 5 , 1 )  Z I T R O 0 5 9  
C Z I T R 0 0 6 0  
I F ( T O L . F U . O . 0 )  GO T O  1 2  Z I T R O O 6 1  
I F ( E K R O K . L T . T O L )  60 TI3 2 4  Z I T R O 0 6 2  
I F ( I . L T . I M A X )  I F ( I - 2 )  1 ,293 Z I T K O 0 6 3  
GO T O  2 3  Z I T K O 0 6 4  
C Z I T R 0 0 6 5  
C C O M P l l T E  I N C K E M E N T  I N  X F U R  S E C U N D  P A S S  Z I T R 0 0 6 6  
1 T E M P ( 5 t Z ) = X * X I N C  Z I T R 0 0 6 7  
I C O M = 1  Z I T R O O 6 8  
C Z I T R O O 6 9  
C Z I T R 0 0 7 0  
G f l  TI!  17 Z I T R 0 0 7 1  
C Z I T R 0 0 7 2  
c, L I N E A R  I N T  E R P O L  A T  I O N  Z I T R 0 0 7 3  
7 TEMP(5,2)=D*(X-TEMP(ltl) ) / ( T E M P ( 2 r l ) - D )  Z I T R 0 0 7 4  
C Z I T R O O 7 5  
GCI T O  1 2  Z I T R O O 7 6  
3 G O  T U ( 4 t 7 9 7 9 2  t R , 8 9 1 )  I F O N C  Z I T R 0 0 7 7  
4 I F ( C H E C K . G E . O . 0 )  G O  T O  6 Z I T R 0 0 7 R  
5 G(I  T U ( 2 ~ 8 r l O ) , I F ( I N C  Z I T R 0 0 7 9  
6 I F ( T E M P ( l t l ) . E f J . X )  GO T O  2 3  Z I T R 0 0 8 0  
C Z I T R 0 0 8 1  
C E X E C O T I T I N  C O M E S  H E R E  I F  ERRCIR I N C R t A S E S t  D A M P S  Z I T R 0 0 8 2  
TEMP(5,2)=(TEMP(lrl)-X)/2.0 Z I T R 0 0 8 3  
C Z I T R 0 0 8 4  
GO T O  1 2  Z I T R 0 0 8 5  
7 I F ( I . G T . 3 )  G(1 T O  4 Z I T R 0 0 8 6  
H 0 1 3 = T E M P ( 2 t l ) - L )  Z I T R 0 0 8 7  
0 2 3 = T E b ' P (  2 92 1-0 Z I T R 0 0 8 8  
F l = T E M P ( l t l ) - X  Z I T K O 0 8 9  
F Z = T E M P ( l t Z ) - X  Z I T R 0 0 9 0  
GO T O  ( 1 0 t 1 0 t 1 1 , 1 0 ~ 1 0 * 1 1 ) r I F l l N C  Z I T R 0 0 9 1  
C Z I T R O 0 9 2  
C O C I A O R A T I C  I N T E R P O L A T I O N ,  Y = AX'S*Z+BX+C Z I T R 0 0 9 3  
10 F l Z = T E M P ( l r l ) - T E M P ( l r 2 f  Z I T R 0 0 9 4  
H O V E R A = ( F l * F l * D 2 3 - F 2 * F 2 * D 1 3 ) / ( D l 3 * F 2 - D ~ 3 * F l )  Z I T R O O 9 5  
R A D C A L = R I l V E K A * * 2 / 4 . O - F l * F 2 * F l 2 / D l 3 * F 2 - r ) 7 3 * F l ) * ~  Z I T R O O 9 6  
I F ( R P D C A L . L T . O . 0 )  GO T O  2 6  2 I T R O 0 9 7  
A = ( D 1 3 * F 2 - D 7 3 * F l ) /  ( F l * * Z * F 2 - F l * F 2 * * 7 )  Z I T R O O 9 8  
1 1 ) ) )  Z I T K O l O O  
c Z I T R O l O l  
GO T O  1 2  Z I T R 0 1 0 2  
C Z I T R 0 1 0 3  
C O 0 A L ) K A T I C  I N T E K P O L A T I n N r  X = A Y * * 2 + H Y + C  Z I T R O l O 4  
11 D l Z = T E M P ( Z t l ) - T E M P ( Z t 2 )  Z I T R O l O 5  
T E ~ P ( ~ ~ ~ ) = - H O V E R A / ~ . O + S I G N ( S ~ R T ( R A [ ) C A L ) T ( L ) - T ~ M P ( ~ ~ ~ ) ) ~ ~ A / ( X - T E M P ( ~ , Z I T R O O ~ ~  
T E M P ( 5 , 2 ) = ( - T E M P ( 2 ~ 1 ) * * 2 * F ~ ~ ~ + D * ~ ~ ~ ~ ( T E ~ P ( Z . l ) * F Z - F l ~ T E ~ P ( 7 t 2 ) ) +  Z I T R 0 1 0 6  
l T F M P ( 2 ~ 2 ) * * 2 ~ F l ~ ~ ) / ( T E M P ( 2 ~ 1 ) * * 2 * ~ 2 3 ~ T E M ~ ~ 2 ~ 2 ~ * * 2 * D l 3 + 1 ~ ~ ~ * 2 * l ~ l 2 ~  Z I T R 0 1 0 7  
C Z I T R O l O 8  
C Z I T R O  109 
C T E t 4 P ( 1 ~ 1 )  H A S  T H E  H E S T  V A L U t  OF X Z I T R O l l O  
C T E M P ( L T Z )  H A S  T H E  H I - S T  V A L 1 l E  UF Y Z I T R O l l l  
C I E M P ( 2 r l )  H A S  T H E  N E X T  H E S T  V A L t I E  O F  X Z I T R C l l 2  
C T E M P ( 2 9 2 )  H A S  T H E  N E X T  H t S T  V A L l l E  UF Y Z I T R 0 1 1 3  
C Z I T R C l l 4  
1 7  I F ( I - 2 )  7 0 ~ 1 3 ~ 1 5  
1 3  I F ( C H E C K , L T . O . O )  GO T O  19 
14 T E M P (  I 9 2  !EX 
T E M P  ( 2  92  ) = D  
GO T O  2 2  
1 5  I F ( I F U N C , L T , 4 )  I F ( C H E C K 1  1 9 1 2 2 9 2 2  
17 I k ( C H E C K . G E . O . 0 )  I f ( A B S ( D ) - A B S ( T E M P ( 2 , 2 )  1 )  1 4 9 2 2 9 2 2  
19 T kMP ( 1 9 2 
T E M P ( ~ T ~ ) = T E M P ( ~ ~ J . )  
= T E M P  ( 1 9 1 
20 T E M P ( 1 9 1 ) = X  
T E M P ( 2 9 1 ) = 0  
C 
C T E M P ( 5 r l )  S T O R E S  T H E  L E A S T  V A L I J F  O F  ERRIJR.  
C 
C 
C T E M P ( 5 9 2 )  C O K T A I N S  T H E  C H A N G E  I N  X. 
C 
2 1  T F M P ( 5 r l ) = E R R O R  
2 2  I f ( T O L . E O . O . 0 )  R E T U R N  
X = X + T E M P (  5 9 2  1 
R E T I J R N  
2 3  I C O M = 3  
GO T O  7 5  
2 4  I C U M = 2  
2 5  1=0 
4 E TtJR N 
G O  TO 2 3  
FNI)  
26  W R I T E  (6927) 
2 7  F O R M A T  ( 3 1 H O N E G A T I V E  S O U A R E  ROOT I N  I T E R A T )  
S I J H R O I J T I N E  L O A D  ( V A R ~ N V A R T N K I C K )  
C 
C S I J R Y U U T I f V F  L I I A I )  T R A N S F E R S  T H E  A L T I T I J D E ,  R A D I A L  
C ANI)  H O R I Z O N T A L  V E L O C I T Y  I r U T I l  T H E  V A R  A R R A Y .  
C 0 M M r ) N  / C S T A R /  C M A (  1000) r C M B ( 1 0 0 0 )  
C 014 MC) N / A T A 13 L E / C M t ( A 0 0 0 
D I M E N S I f l r V  V A R ( N V A K T ~ ~ T N K I C K )  
D I M F N S I n N  V ( 6  1 
E O O I V A L E N C E  ( I B t J R N  r C M R ( O 7 2 )  ) r ( I K I C K  r C Y F ( . ? O O ) ) r ( V  
I F ( I H U R N . t 0 , I H I1 R N T . 0 R . I Y I J R N . E 0 . 0 ) 
I HIJRNT= I H U R N  
R E T ( I  P. N 
00 1 J = I y N V A R  
V A R ( J 9 I H O R N  9 I K I C K ) =V  ( J ) 1 
R E T O R N  
ENI )  
Z I T R 0 1 1 5  
Z I T R 0 1 1 6  
Z I T R 0 1 1 7  
Z I T R O l l 8  
Z I T R 0 1 1 9  
Z I  T R 0 1 2 0  
Z I T R 0 1 2 1  
Z I T R 0 1 2 2  
Z I T R 0 1 2 3  
Z I T R 0 1 2 4  
Z I T R 0 1 2 5  
Z I T R 0 1 2 6  
Z I T R O  127 
Z I T R 0 1 2 8  
Z I T R 0 1 2 9  
Z I T R 0 1 3 0  
Z I T R 0 1 3 1  
Z I T R O l 3 2  
Z I T R 0 1 3 3  
Z I T R O 1 3 4  
Z I T R O l 3 5  
Z I T R G  136 
Z I T R 0 1 3 7  
Z I T R 0 1 3 8  
Z I T R 0 1 3 9  
Z I T R O 1 4 0  
Z I T R 0 1 4 1  
Z I T R 0 1 4 2  
Z I T R 0 1 4 3  
Z I T R O  144 
Z L O A O O O l  
Z L O A 0 0 0 2  
V E L O C I T Y  9 Z L O A 0 0 0 3  
Z L O A 0 0 0 4  
Z L U A 0 0 0 5  
Z L O A O O O 6  
Z L O A 0 0 0 7  
Z L O A 0 0 0 8  
Z L O A O O  10 
Z L O A O O l 1  
Z L O A 0 0  12  
Z L O A 0 0 1 3  
Z L O A O O 1 4  
Z L O A O O  1 5  
















M A I N  
M A I N  I S  TL1F C O N T R O L L I N G  R O I J T I N E  F O R  T H E  D Y N A M I C  T A B L E  
PROGRAM. I T  I S  H A S I C A L L Y  A G E N E R A L  N X N  N t W T O N - R A P H S O N  SCHEMF.  
COMMON / C S T A R /  C M A (  1000) r C M R (  1000)  
COMMON / A T A B L E /  C M F ( 8 0 0 0 )  
COMMON / P E R B / N A T N T S F ( ~ ) T C O O N T ~ R S T O  
D I M F N S I O N  COMP ( 5  ) r C f l N S T  ( 5  92 ) T D E L F Y  ( 6  75 ) 
D I MENS I O N  D E L  F Y D ( 5 ) r C ) E L T E M ( S  9 5  I T D E L X  ( 5  9 5  1 
D I M E N S I O N  D E L X D  ( 5  ) T D E L X I b ! ( 5  9 5  ) T D E L X ~  ( 6  15 
D I M F N S I O N  D F Y I N  ( 5  9 5  )TDX ( 5  ) I I ~ Y D X I N ( ~  95 1 
D I M E N S I O N  ERROR ( 2  ) * F V S Q  (6 ) r F L I ) M X  ( 6  1 
D I ME N S I 13 N F Cl RC E S ( 6 ) r F Y  ( 6  9 6  I r N O P T  ( 6  1 
D I  M E N S  I [IN N O P T S T  ( 6 ) r S D E L  ( 5  1 5  ) t S D E L N  ( 5  75 1 
D I M E N S I O N  T A R L E  ( 3 0 0  ) T T H R I J S T  ( h ) T T O L  ( 5  72 1 
D I iv E N S  I O N  V E L  E X P ( 6 ) r W T F L O W ( h  I t X I N P T  (100 1 
D1I"lEhlSION xo ( 6  7 5  ) r X P R I b l  ( 1 o o ~ 2  
E O I J I V A L E N C E  ( C L E A R  r C M A ( 9 3 O ) ) r ( C M A X  r C M A ( 9 2 8 )  ) y . ( C n M P  r C M R ( O 3 1 ) )  
E Q U I V A L E N C E  ( C O N S T  y C M A ( 8 9 4 )  ) r ( D E L T K  T C M E ( ~ ~ ~ ) ) T ( D E L T K T , C M B O )  
E Q U I V A L E N C E  ( D E L T S T r C M A ( 9 3 1 ) ) r ( n X  r C M A ( 9 3 8 ) ) r ( E R E F  r C M A ( 7 1 3 ) )  
E O U I V A L E N C E  ( E R L O G  T C M A ( ~ O ~ ) ) ~ ( E K R  r C M H ( 0 4 l ) ) r ( E R R M X K , C M B ( 0 5 4 ) )  
E O U I V A L E N C E  ( E R R O R  T C t ' l 8 ( 0 4 2 )  1 , ( F I X I ) T K r C M B ( O 7 1 )  ) r ( F L O M X  r C M A ( 8 3 7 ) )  
E Q I I I V A L E N C E  ( F O R C E S r C M A (  7 3 9 )  1 T ( F Y  r C M A ( 9 4 3 ) ) 1 ( G  r C M A ( 7 1 6 )  1 
E Q I J I V A L E N C E  ( I M O D E  r C M H ( O h l ) ) i ( I T E R P  r C M B ( O h 9 ) ) 9 ( J D A T A  r C M A ( 9 7 5 ) )  
E Q ( J 1 V A L E N C E  ( J K I C K  r C M S ( 0 6 3 )  ) T ( L A S T  r C I * A ( R 9 O ) ) r ( L A S T 1  r C b l A ( 7 5 3 ) )  
E O U I V A L E N C E  ( M A S H  T C l " l R ( O h 4 ) ) , ( N D A M P  r C M A ( 9 2 6 ) ) r ( N D U M P  r C M R ( 0 5 7 ) )  
E Q U I V A L E N C E  ( N E 0  r C M A ( 7 0 9 )  ),(NCll 'T r C M A ( 8 1 9 ) ) r ( N S H ( l T  , C M A ( 9 2 9 ) )  
E O ! J I V A L E N C E  ( N S T  T C I V I A ( ~ O R ) )  T ( h l S T A G E i C M A ( 7 1 0 )  ) t  ( K  r C M A ( 4 0 2 )  1 
E O I J I V A L E N C F  (RER1JN , C M A ( 9 2 7 )  )r(THRUSTrCMA(R3l))r(TUL r C M B ( O 4 4 ) )  
E O l l I V A L E N C E  ( V E L E X  ~ C M A ( R ~ O ) ) , ( V E L E X P T C M A ~ ) , ( W T F L O W ~ C M A ( ~ ~ ~ ) )  
E 01 J I V A L  E NC E ( X I N P T 7 C M A ( 6 O  1 1 9 ( X 0 T CMB ( 001 1 1 T ( XPR I M  T CMA ( 001 1 
DOLIHLE P R E C I S I O N  X P R I M  
I N T E G E R 
E X T E R N A L  E O U A T 1  y U I J T P T 1  
W R I T E  (6.2) 
C O U N T  C MA X 9 F I X D T K  7 R E  RlJN 9 C L E  AR 
F O R M A T  ( 1 H 1 )  
J D A T A = l  
MCOUNT =O 
I F ( C L E A R . E O . 1 )  C A L L  S T D A T A  
( 1 )  A L L  D A T A  E X C E P T  B I N A R Y  D A T A  IS I N T R D D U C E D  THROIJGH T H E  
I NPLJT R O U T  I NE. 
C A L L  I N P U T  ( O ~ T C M A T T A B L E )  
( 2 )  C O E F N T  G E N E R A T E S  A N Y  N E E D E D  C U R V E  F I T S .  
C A L L  C O E F N T  





Z M A  10006 
ZMA I 0 0 0 7  
ZMA I0008 
ZMA I0009 
ZMA I O 0  10 
Z M A I O O l l  
Z M A  IO0 1 2  
ZMA I O 0  13 
Z M A 1 0 0 1 4  
ZMA I 0 0 1 5  
Z M A  I O 0  16 
ZMA IO017 
Z M A  I0018 
ZMA I O 0  19 
ZMA I0020 
ZMA I002 1 
Z MA I 00 2 2 
ZMA I0023 
Z M A  I 0 0 2 4  
Z MA I002 5 
Z M A  I 0 0 2 6  
ZMA I0027 
Z M A  10028 
Z M A I 0 0 2 9  
ZMA I 0 0 3 0  
Z M A I  0 0 3 1  
Z M A  I 0 0 3 2  
Z M A I 0 0 3 3  
ZMA I 0 0 3 4  
ZMA I 0 0 3 5  
ZMA I 0 0 3 6  
ZMA I 0 0 3 7  
Z M A I 0 0 3 8  
ZMA I0039 
ZMA I0040 
ZMA I 004  1 
Z M A I 0 0 4 2  
ZMA I0043 
ZMA I0044 
ZMA I 0 0 4 5  
Z M A I 0 0 4 6  
ZMA I 0 0 4 7  
Z M A I 0 0 4 8  
( 3 )  P R I N T  O U T  H E A D I N G S  A R E  P R I N T E D  OIJT FOR T H E  IJPPER P H A S E S .  ZMA I0049 
C A L L  O l J T P T l ( 0  1 Z M A I 0 0 5 0  
Z M A I 0 0 5 1  
( 4 )  D E L T K  ( G R I D  S P A C I N G  F O R  K I C K  A N G L E S )  I S  S E T  E O I J A L  T O  A N  Z M A I 0 0 5 2  
I N P I J T  V A L l J E .  ZMA I0053 
D E L T K = @ E L T K T  Z M A  I 0 0 5 4  
Z M A I O O S 5  





































( 5 )  T P K E  L O G  O F  E R E F  F O R  l J S f  I N  S T E P .  
E R L O G  = A L O G ( E R E F )  
( 6 )  S E T  T H R S U T  A N D  WTFLOW OF L A S T  S E G M E N T  O F  B O O S T F R  
F O R C E S  ( L A S T 1  1 = T H R U S T  ( 1 ) 
W T F L O W ( L A S T l ) = F L O M X ( l )  
( 7 )  C O M P U T E  J E T  V E L O C I T I E S  
I F ( F L O M X ( J I . N E . O . 0 )  GO T O  3 
V E L E X P ( J ) = O . O  
GO T O  4 
Do 4 J = 1 9 6  
3 V E L E X P ( J ) = G * T H R I J S T ( J ) / F L O M X ( J )  
4 CCINTJNIJE  
( 8 )  I F  1MC)I)E = 3, A B I N A R Y  B O O S T E R  T A B L E  I S  I N  T H E  D A T A  
A N D  MtJST B E  R E A D  IN.  R E N D F K ( 1 )  C A L L S  B C R E A D .  O U T P T l  P R I N T S  
A G L O S S A R Y  O F  T H E  P R C J P I J L S I O N  C H A R A C T E R I S T I C S  A N D  H A R D W A R E  
R E L A T E D  D A T A  FOR E A C H  P H A S F .  
I F ( I M O D E . N t . 3 )  GO T O  5 
I MC)DE=2 
J K I C K  = 1 
C A L L  R E N D E R  ( 1 )  
5 C A L L  O O T P T l ( 2 )  
( 9 )  GIJFSS I S  A [IIJMMY R O U T I N E  A V A I L A R L F  F O R  A N Y  P l J R P O S E  
R E O l J I R F D  A T  T H E  R E G I N N I N G  O F  A P R O B L E M .  
h C A L L  G t I E S S  
( 1 0 )  X O L U A O  S E T S  U P  T H E  XO L I S T  A N D  D E T E R M I N E S  I T E R P  ( T H E  
V A R I A B L E  D E T E R M I N I N G  T H E  S I Z E  Ob  T H E  I T E R A T I O N  L O O P ) .  
C A L L  X ( J L 0 A l )  
(11) A S S I G N  4 3  T O  hIGO S E T S  N G O  F U R  T H E  S T A T E M E N T S  A T  OR 
N E A R  S T A T E I J i E N T  38. 
A S S I G N  43  T U  N G O  
(12) S E E  C O M M E N T  35. 
C I IIJN T = 0 
( 1 3 )  N A  A N D  N H  A R E  R E L A T F D  TI1 I T E R A T I O N  L O O P  S I Z E .  S E E  
C O M M E N T  10. 
N A = I T E R P + Z  
N R  = N A  + 1 
( 1 4 )  ND A N D  N K E P  A R E  I N I T I A L I Z E D .  S E E  C O M M E N T  46. 
N D = 0  
N R E P = 1  
(15) S C O M P  C U M P I J T E S  V A L U E S  A G A I N S T  W H I C H  D E V I A T I O N S  F R O M  T H E  
I ) E S I R E D  F I N A L  C U N D I T I I J N S  A R E  C O M P A R F D .  
C A L L  S C O M P ( 1 )  
( 1 6 )  I F  N S H U T  I S  N O N - Z E R O ,  T H E N  T H E  N I J M k E R  [ IF  T R A J E C T U R I F S  
I N T E G R A T E D  WILL HE L I P I T E I )  TU T H E  V A L I J F  O F  N S H O T .  I F  N S H O T  
I F ( N S H O T . E O . 0 )  GO TL) 7 
N C = N S H O T  
GO T O  A 
I S  NON-ZLrA[ l ,  I T  I S  ( J S I J A L L Y  E O t I A L  TO CINE.  
ZMA I 0 0 5 7  
Z M A  I005 R 
ZMA I 0 0 5 9  
Z M A  I 0 0 6 0  
Z M A I 0 0 6 1  
Z M A I 0 0 6 2  
ZMA I 0 0 6 3  
Z M A I 0 0 6 4  
ZMA I 0 0 6 5  
Z M A I 0 0 6 6  
ZMA I 0 0 6 7  
Z M A  I 0 0 6 8  
Z M A I 0 0 6 9  
Z M A I 0 0 7 0  
ZMA 10071 
Z M A I 0 0 7 2  
Z M A I 0 0 7 3  
Z M A I 0 0 7 4  
Z M A I 0 0 7 5  
Z M A I 0 0 7 6  
Z M A 1 0 0 7 7  
Z M A I 0 0 7 A  
Z M A I 0 0 7 9  
Z M A I O O R O  
Z M A I O O R  1 
Z M A I 0 0 8 2  
Z M A I O O R 3  
Z MA I 0 0 A 4 
Z M A I 0 0 8 5  
Z M A  I 0 0 8 6  
ZMA I 0 0 8 7  
Z M A  I 0 0 8 R  
ZMA I 0 0 8 9  
Z M A I 0 0 9 0  
Z M A I 0 0 9 1  
Z M A I 0 0 9 2  
ZMA I 0 0 9 3  
Z M A  I0094 
Z M A I 0 0 9 5  
2 M A  I O 0 9 6  
Z M A J 0 0 9 7  
Z M A I 0 0 9 8  
ZMA I 0 0 9 9  
Z M A  I O  100 
Z M A I O l O l  
Z M A  I O 1  02 
ZMA I0103 
Z M A  I O  104 
ZMA I 0 1 0 5  
Z M A  I O  106 
Z M A I 0 1 0 7  
Z M A  I0108 
Z M A I 0 1 0 9  
Z M A I O l l O  
ZMA IO1 1 1  
Z M A I O l l Z  
ZMA I O 1  13 
Z M A I O l l 4  
ZMA IO1 15 
Z M A I O l l 6  
7 N C = N R  ZMA I O 1  17 
8 DO 9 J = l r N A  ZMA I O 1  18  
DO 9 N = 2 9 N f l  Z M A I O l l 9  
C Z M A I O l Z O  
C 1 1 7 )  T H E  XO L I S T  C U N T A I N S  T H E  I N I T I A L  C O N D I T I O N S  W H I C H  ARE ZMA I O 1  2 1 
C V A R I E D  TO S A T I S F Y  T H E  F I N A L  C I J N D I T I n N S .  T H E  X O ( J + l , J ) ?  ZMA I O 1 2 2  
C J = 1 ,NA C U N T A I N S  T H E  P E R T O R H A T I O N  MADE O N  E A C H  I N I T I A L  ZMA I O  123  
c COYDITII" ZMA I 0 1 2 4  
9 X O ( N r J ) = X O ( l r J )  7MA I O  125 
DO 10 J = l r N A  Z M A  I O  126  
10 X D ( J + ~ ? J ) = X O ( ~ ~ J ) + X O ( ~ T J ) * D X ( J )  Z M A I C 1 2 7  
C ZMA I O 1  2 8  
C ( 1 8 )  I C H E C K  I S  A C O U N T E R  W H I C H  I S  I b I C K E M E N T E n  I N  P E R T B  A N D  Z M A I O 1 2 9  
C INDICATES THE IVUMF~EK O F  A T T E M P T S  TO MUDIFY THE PERTURBATION Z M A  IO 130 
C S I Z E .  S E E  P E R T B .  ZMA I 0 1 3 1  
11 I C H E C K = O  ZMA I 0 1 3 2  
C Z M A I 0 1 3 3  
D O  18  N = N R E P ? N C  ZMA I O 1  34 
C Z M A I  01  35 
C ( 1 9 )  S T A R T  I N I T I A L I Z E S  T H E  N E C E S S A R Y  V A R I A B L E S  F O R  T H E  I N -  ZMA I O 1  36 
C T E G R A T I D N  A N D  C A L L S  M A I N A  W H I C H  A C O I J I R F S  T H E  P E R T I N E N T  R O O S T E R  ZMA I 0 1 3 7  
C IDATA. Z M A  I O 1  38  
12 C A L L  S T A R T ( N 1  ZMA 10139 
C ZMA 10140 
C ( 2 0 )  M A S H  = 0 I N D I C A T E S  T H A T  T H E  D E S I R E D  T R A J k C T O R Y  H A S  N O T  Z M A I O l 4 l  
C V I O L A T E D  A N Y  OF T H E  I N I T I A L  C O N S T R A I N T S .  I F  T H E  F I R S T  Z MA I O  142  
C T R A J E C T O R Y  V I O L A T E S  A N Y  C I I N S T R A I N T S  ( N  = l ) r  T H E N  A NEW C A S E  ZMA I 0 1 4 3  
C I S  CO1\1SII)EPED. I F  T P E  F I R S T  C A S E  I S  A C C E P T A R L I -  ANI)  A P t R T -  Z M A  I O  144 
C I J R B A T I O N  I S  ( J N A C C E P T A I + L E ?  T H E  P E R T U R B A T I O N  S I Z E  I S  H A L V E D  ZMA I 0 1 4 5  
C A N D  T H E  T R A J E C T O R Y  I S  A T T F M P T E O  A G A I N .  ZMA IO 146 
I F ( W A S H . t O . 0 )  GO T O  13 ZMA I O  147 
MASH=O Z M A I 0 1 4 8  
I F ( N . E O . 1 )  GO T O  1 Z M A I 0 1 4 9  
D X ( N - l ) = D X ( N - l ) / Z . O  Z M A  I O 1  50 
G O  T O  1 7  Z M A I 0 1 5 1  
C Z M A I 0 1 5 2  
C Z MA I 0 1 53 
C ( 2 1 )  X I N P T  C O N T A I N S  T H F  I N I T I A L  C O N D I T I O N S .  T H E S E  A R E  ZMA I O  1 5 4  
C T R A N S F E R F D  T O  T H E  X P R I M  L I S T  TO HE I N T E G R A T F D .  Z MA I 0 1 5 5 
13 DO 14 J = N S T ? N E O  Z M A I O l 5 6  
14 X P R I M ( J ? l ) = D R L E ( X I N P T ( J ) )  ZMA I O 1  57 
C Z M A  I O 1 5 8  
C ZMA 10159 
C (22) DAMODE C H O O S E S  T H E  I N I T I A L  S T E P S I Z E  A N D  I N I T I A L I Z E S  T H E  ZMA I O 1  60 
C O U T P U T  C O N T R O L  V A R I A B L E S  U T I L I Z E D  I N  S T E P .  ZMA I 0 1 6 1  
C A L L  I ) A M O D E (  1 r N )  ZMA I O 1  6 2  
C ZMA I 0 1 6 3  
C ( 2 3 )  RUNGEK I N T E G R A T E S  T H E  X I N P T  L I S T  W I T H  R E S P E C T  T U  T I M E .  ZMA I 0164  
C A L L  R ( I N G E K  ( t O ( J A T 1  r U ( J T P T 1  1 ZMA I0165 
C ZMA I 0 1  66 
C S E E  COMMENT 20 ZMA I 0 1 6 7  
I F ( M A S H . E O . 0 )  GO T O  15 Z M A I 0 1 6 8  
M A S H  = 0 Z M A I 0 1 6 9  
I F  1N.EO.1) GO T O  57  Z M A I 0 1 7 0  
D X ( N - l ) = D X ( N - 1 ) / 2 . 0  ZMA I O 1  71  
I C H E C K  = 0 ZMA I O 1  72 
GO T O  1 7  Z M A I  01 73 
C Z MA I O  1 7 4  
C (24) F I N A L  C O M P U T E S  T H E  D I F F E R E N C E S  ( F Y I  B E T W E E N  T H E  D E S I R E D  F I N A L Z M A I 0 1 7 5  
C C O N D I T I O N S  A N D  T H E  O N E S  A C H I E V E D  I N  T H E  I N T E G R A T F D  TRAJ I -CT IJRY.  ZMA I 0 1 7 6  
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c 
I F ( N . G T . 1 )  GO T O  16 
R S T O = K  
GO T O  18  
C ( 2 5 )  P E R T B  C H E C K S  T H E  P E R T U R B A T I O N  S I Z E .  I F  I C H E C K  = 0 ,  T H E N  
C T H E  P E R T U R H A T I O N  S I Z E  I S  W I T H I N  T H E  R E O I J I R E D  B O U N D A R I E S .  
16 C A L L  P E R T H ( D X ( N - l ) r I C H E C K )  
C S E E  COMMENT 20 
I F ( I C H E C K . E O . 0 )  G O  T O  1 8  
17 X O ~ N ~ N ~ 1 ~ ~ X O ~ l ~ N ~ 1 ~ + X O ~ l ~ N ~ l ~ ~ D X ~ N ~ 1 ~  
C 
G Q  T O  12 
18 C O N T I N I I E  
I F ( N B . N E . N C )  G O  T O  5 1  
L 
C ( 2 6 )  C A L C U L A T E  T H E  M A T R I X  O F  D I F F E R E N C E S  I N  F I N A L  C O N D I T I O N S  A N D  
C I T S  I N V E R S E .  
19 DO 2 0  N = l t N A  
DO 20 K = l r N A  
2 0  D E L X ( N q K ) = F Y ( N + l r K ) - F Y ( l r K )  
C A L L  INVERT(DELX,DELXINrNA,5) 
L 
C ( 2 7 )  C A L C U L A T E  ERROR I N D I C A T O R  F O R  E A C H  T R A J E C T O R Y .  S F F  E O I J A T I O N  
C 64 O N  P A G E  2 6  OF P A Y L O A D  O P T I M I Z A T I I I N  O F  V U L T I S T A G E  L A U N C H  
C V E H I C L E S ,  ( N A S A  T N - 3 1 9 1 ) .  
DO 2 1  I = l q N A  
S F (  I ) = O . O  
DO 2 1  J = l t N A  
2 1  S F ( I ) = n F L X I N ( I t J ) 9 ( F Y ( J + l r 6 ) - F Y ( l r 6 ) ) + S F ( I )  
D o  2 2  N = l , N R  
E V S O ( N ) = O . O  
DO 2 2  J = l , N A  







2 3  
24  
( 2 8 )  D E T E R M I N E  T R A J E C T O R I E S  W I T H  L A R G t S T  ANI! S M A L L E S T  ERROR 
F M I N  ERR(1R F O R  B E S T  T R A J E C T O R Y  
KV,:IN NIJMHER OF B E S T  T R A J E C T O R Y  
FMA X E R R O R  FOR WORST T R A J E C T O R Y  
K M A X  N U M B E R  O F  WORST T R A J E C T O R Y  
F M I N = F V S O ( l )  
K M I N = l  
IF(EVSO(N).GT.EVSO(KMIN)) GO T O  23 
F M I  N = E V S O (  N )  
K M I N = N  
C O N T  I NlJE  
F M A X = E V S O ( l )  
K M A X = 1  
I F ( E V S O ( N ) . L T . E V S O ( K M A X )  1 GO T O  2 4  
F M A X = E V S O ( N )  
K M A X = N  
C O N T  I N I J E  
DO 7 3  N=29NB 
D11 2 4  N = 7 7 N R  
I, 
C ( 2 9 )  T H E  K M I N  T R A J E C T O R Y  I S  IJSFO A S  A R E F E R E N C E  T O  G E N E R A T E  
C A S E T  O F  P A R T I A L  D F R I V A T I V E S  AI\.!.) I A l ! T I A L  C O N O I T I C l N S  A R F  
C C O M P U T E D  F O R  A N E K  R E F F R E N C E  T R A J E C T O R Y .  
Z P A 1 0 1 7 8  
ZMA I O 1  79 
Z M A I 0 1 8 0  
Z M A  I 0  18 1 
Z M A  I O 1  82 
Z M A  I O  183 
Z M A  I 0 1 8 4  
Z M A  I 0 1  85 
Z M A  I 0 1 8 6  
Z M A I 0 1 8 7  
Z VI A I 0 1 8 8 
Z M A I 0 1 8 9  
Z M A I 0 1 9 0  
ZMA I0191 
Z M A  I 0 1 9 2  
Z M A I 0 1 9 3  
Z M A  I O  194 
Z M A I 0 1 9 5  
Z k A  10196 
Z M A I  0197 
Z V A I 0 1 9 8  
ZMA I O  199 
Z M A I 0 2 0 0  
Z M A I 0 2 0 1  
Z M A  I 0 2 0 2  
Z M A I 0 2 0 3  
Z M A I 0 2 0 4  
ZMA I O 2 0 5  
Z M A  I 0 2 0 6  
ZMA I 0 2 0 7  
Z M A  I 0 2 0 8  
ZMA I 0 2 0 9  
Z M A  IO2  10 
Z M A I 0 2 l l  
Z M A  I 0 2  1 2  
ZMA I 0 2 1 3  
Z M A  107 14 
ZMA I O 2  1 5  
Z M A I 0 2 1 6  
Z M A I  0 2 1 7  
Z M A  I 0 2  18  
ZMA I 0 2 1 9  
Z M A  I 0 2 2 0  
Z M A I O 2 2 l  
Z M A  I 0 2 2 2  
Z M A I 0 7 2 3  
Z M A I 0 2 2 4  
ZMA I 0 2  2 5 
Z M A I 0 2 2 6  
ZMA I 0 2 2 7  
Z M A I 0 2 2 8  
ZMA I 0 2 2 9  
Z M A  I 0 2 3 0  
ZMA I O 2 3 1  
Z M A  10232 
Z M A I 0 2 3 3  
Z M A  I 0 2 3 4  
ZMA I 0 2 3 5  
Z M A  I 0 2 3 6  
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C S E E  SECTION ON PRDCEDIJRE AND IMPLEMENTATION ntv P A G E  25  OF P A Y L O A D  2 ~ ~ 1 0 2 3 7  
C O P T I M I Z A T I O N  O F  M U L T I S T A G E  L A U N C H  V E H I C L E S ,  ( N A S A  T N - 3 1 9 1 ) .  Z M A I  02  3 8  
I)O 2 5  N = l , N H  I M A  I 0 2 3 9  
DO 2 5  M = l , N A  Z M A  I O 2 4 0  
D E L  XO ( N 9 M 1 =XO ( N 7 M - X U  ( K M  I N  7 M Z M A I 0 2 4 1  
2 5  D E L F Y ( N , I l ) = F Y ( N , M ) - F Y ( K M I N , M )  Z M A I 0 2 4 2  
DO 2 h  I = l , N A  ZMA I 0 2 4 3  
DO 2 6  J = l , N A  Z M A I 0 2 4 4  
2 h  L ~ E L T E M ( I ~ J ) = I ) E L F Y ( I t . I )  ZMA I 0 2 4 5  
DO 2 7  N Z K M I N T N A  Z M A I 0 2 4 6  
DO 2 7  M = l , N A  2 M A  I O 2 4 7  
D E L  X n (  N 9 M = D E L X O  ( N+1? M 1 2 MA I 0 2 4 8  
2 7  D E L T E M ( N , M ) = D E L F Y ( N + l * M )  ZMA I O 2 4 9  
C A L L  Z M A  I 0 2  5 0  
DO 2 8  N = l ? N A  ZMA I 0 2 5 1  
I10 28  J = l r N A  Z M A I 0 2 5 2  
D Y D X I ” J N , J ) = O . O  ZMA I 0 2 5 3  
m 28 M = l ? N A  Z M A  I 0 2 5 4  
28  D Y D X  I N ( N  9.J = D F Y  I N  ( N v M )  * D E L X O (  M, J ) + D Y D X  I N (N, J 1 Z M A I 0 2 5 5  
DO 29 N = l , N A  Z M A  I O 2  56  
Z M A I 0 2 5 7  
DO 30 J = l , N A  Z M A  I 0 2 5 8  
O E L X D ( J ) = O . O  Z M A I 0 2 5 9  
DO 30 L = l , N A  Z M A I O 2 6 O  
30 D E L  X D ( J ) = D E L  F Y  1) ( L *DY L) X I N ( L t J + D E L  X D ( J ) Z M A I 0 2 6 1  
31  no 32 N = l , N A  Z M A  I 0 2 6 2  
3 2  X O ( K M A X , N ) = X O ( K M I N , N ) + D E L X n ( N )  Z M A I 0 2 h 3  
C Z M A  I 0 2 6 4  
C ( 3 0 )  T H E  NEW R E F E R E N C E  T R A J E C T O R Y  I S  I N T E G R A T E D ,  I T S  I N I T I A L  Z M A I O 2 6 5  
C A N D  F I N A L  C O N D I T I O N S  A R E  P L A C E D  I N  T H E  XO A N D  F Y  L I S T  P R E V I O U S L Y  Z M A I 0 2 6 6  
C O C C l l P I E D  B Y  T H E  K M A X  T R A J F C T O R Y .  S E E  E Q U A T I O N  63 O N  P A G E  2 6  OF Z M A I 0 2 6 7  
C P A  YLOAI )  O P T  I M I Z A T  I O N  OF MIJL T I S T A G F  L AClNCH V E H I  C L E S  Z M A  I 0 2  68 
C ( N A S A  T N - 3 1 9 1 ) .  ZMA I 0 2 6 9  
ND=O Z M A  1 0 2 7 0  
C ZMA I 0 2 7 1  
C S E E  COMMENT 19 Z M A I 0 2 7 2  
33 C A L L  S T A R T ( K M A X )  ZMA I 0 2 7 3  
C ZMA I O 2 7 4  
c SEE C O M M E N T  2 0  2 M A I 0 2 7 5  
I F ( M A S H . E O . 1 )  GO T O  5 2  Z M A  I 0 2 7 h  
C Z M A I O 2 7 7  
C S E E  COMMENT 2 1  Z M A I 0 2 7 8  
DO 3 4  J = N S T , N E O  Z M A I 0 2 7 9  
34  X P R  I M ( J 7 1 1 =DHL E ( X I N P T  ( J 1 Z M A  I 0 2 8 0  
ZMA I 0 2 8 1  C 
K = O  Z M A I O 2 8 2  
C ZMA I 0 2 8 3  
C S E E  COMMENT 2 2  Z M A  I 0 2 8 4  
C A L L  D A M O D E  ( J D A T A . 1 )  ZMA I 0 2 8 5  
Z M A  I O 2 8 h  C 
C S E E  C n M M E N T  23 ZMA I 0 2 R 7  
Z M A I O Z 8 8  
2 M A  10289 C 
C Z M A I 0 2 9 0  
C S E E  C O M M E N T  2 0  Z M A I  0 2 9 1  
I F  (MASH.EO.1)  G O  T O  52 Z M A I 0 2 9 2  
C Z M A I 0 2 9 3  
C ( 3 1 )  J D A T A  = 1 WHEN C O N V E R G E N C E  H A S  N O T  B E E N  O H T A I N E D .  J D A T A  = Z M A I 0 2 9 4  
C 2 I M P L I E S  T H A T  T H E  C A S E  I N  C O N V E R G E D ?  J I I A T A  = 3 I S  I J S E D  WHEN ZMA I 0 2 9 5  
c A P R E S C R I B E D  P R O P E L L A N T  L O A D I N G  H A S  B E E N  E X C E F D E D  A N D  T H E  Z M A I 0 2 9 h  
I N V  E R T ( D E L  T E M  9 1)F Y I N 7 N A T 5 ) 
2 9 D E L F Y D ( N 1 = - F Y ( K M I N 7 N 1 
C A L L  RIJNGEK ( E O I J A T l v O I J T P T l  1 
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C C O N V E R G E 0  C A S E  W I T H  T H E  E X C E S S  P R O P E L L A N T  I S  P R I N T E D  B E F O R E  
C T H E  O F F E N D I N G  P R O P E L L A N T  L O A D I N G  I S  F I X E D  A T  M A X I M U M  P R O P E L L A N T  
C 
C 
C ( 3 2 )  I F  R E R U N  = 1, T H E  H O f l S T E R  W I T H  T H E  C O N V E R G E D  K I C K  A N G L E  A N D  
C R l J R N I N G  T I M E  I S  I N T E G R A T E D  A N D  I T S  F R R O R  C O M P U T E D .  I F  T H E  ERROR 
A N  D R EC ON V E R G E 0. 
I F ( J D A T A . N E . 2 )  GO TO 35 
C I S  E X C E E I I E D ,  C O N T R I ) L  P A S S E S  TO S T A T E M E N T  5 4  WHERE MCOlJNT I S  
C I N C R E M E N T E I I V  M A S H  I S  S E T  EOIJAL  TC) O N E  W H I C H  C A I J S E S  D E L T K  T O  H E  
C r A L V E D  IN M A I N A .  S E E  COMMENT 49. 
I F ( R E R I J N . E O . 0 )  GO T O  5 1  
A S S I G N  54 T O  NGO 
GO T O  36 
C 
C ( 3 3 )  C H E C K  I S  C A L L E D  H E R E  F O R  T H E  S E C O N D  T I M E .  T H E  C O N V E R G E D  
C C A S E  W I T H  T H E  E X C E E D E I )  P R O P E L L A N T  L O A D I N G  H A S  E E E N  P R I N T E D .  
C C H E C K  C O M P I J T E S  T H E  F I X E D  P H A S E  T I M E S  F O R  T H E  O F F E N D I N G  PRO- 
c P E L L A N T  L O A D I N G S  ANI1  S E T S  N U P T  FOR T H O S E  P H A S E S  T O  ZERO. 
35 I F ( J D A T A 0 E O - 1 )  G O  T O  36 
C A L L  C H E C K  
.IDA T A =  1 
GO T O  6 
C 
C ( 3 4 )  S F F  COMMENTS 24, 267 A N D  27. 
36  C A L L  F I N A L t K C A X )  
C A L L  S C O M P ( 2 )  
EVP=O. 0 
DO 37 J = l r N A  
37 E V P = E V P + ( F Y ( K M A X , J ) * S F ( J ) ) * * 2  
C 
C ( 3 5 )  COIJYT I S  I N C K E M E N T E D  WHEN A NEW R F F E R E N C E  T R A J E C T U R Y  I S  
C I N T F G R A T E D .  I F  C O U N T  E X C E E D S  C M A X ,  T H E  I T E R A T I O N  I S  A B A N D O N E D  
C A N @  NFW D A T A  I S  C A L L F D  IN. 
C OtJ N T = C 0 U N T + 1 
IF (COI !NT .GT.CMAX)  GO TO 5 1  
C 
C ( 3 6 )  F I R S T  C I I N V E H G E N C E  T E S T  . S O R T  ( F V S O )  I S  A M E A S U R E  O F  T H E  
C C H A N G F  I N  F I N A L  W E I G H T  R E O l J I R E D  T O  S A T I S F Y  T H F  F I W A L  C O N I 1 I T I O I \ l S  
ZMA 10297 
Z M A I 0 2 9 8  
Z M A I 0 2 9 9  
Z M A I 0 3 0 0  
ZMA I 0 3 0  1 
Z M A I 0 3 0 2  
ZMA I 0 3 0 3  
Z M A  I0304 
ZMA I0305 
Z M A I 0 3 0 6  
ZMA I 0 3 0 7  
Z M A I 0 3 0 R  
ZMA I0309 
Z M A  I0310 
ZMA 1031 1 
Z M A I 0 3 1 2  
ZMA I 0 3 1 3  
Z M A I 0 3 1 4  
ZMA I 0 3 1 5  
Z M A I 0 3 1 6  
ZMA I 0 3  17 
Z M A  I 0 3 1  8 
Z M A I 0 3 1 9  
Z M A I 0 3 2 0  
ZMA I 0 3 2  1 
ZMA I 0 3 2 2  
Z M A I 0 3 2 3  
ZMA I 0 3 2 4  
Z M A I 0 3 2 5  
Z M A  I 0 3 2 6  
Z M A I 0 3 2 7  
Z M A  I 0 3 2 8  
Z M A I 0 3 2 9  
Z M A I 0 3 3 0  
ZMA I O 3 3 1  
Z N A  I 0 3 3 2  
Z M A I 0 3 3 3  
Z M A I 0 3 3 4  
C R A S F O  O N  T H E  P A R T I A L S  A L R F A D Y  D H T A I N E D .  I F  T H E  ERROR I S  L E S S  T H A N Z M A I 0 3 3 5  
C T H E  N E X T  C O N V E R G E N C E  T E S T .  U T H F K W I S E  I T E R A T I O N  P R O C E E D S  U N T I L  7 M A I 0 3 3 7  
C C O U N T  E X C E E D S  C C A X .  S E E  F O U A T I O N  64 OW P A G E  2 6  O F  P A Y L O A D  Z MA I 0 3 3 8  
c SOME D E C I M A L  F R A C T I O N  CIF T H e  I N I T I A I .  W E I G H T ,  T H E  COluTROL P A S S E S  T O Z M A I 0 3 3 6  
C O P T I M I Z A T I O N  O F  M t J L T I S T A G E  L A i J N C H  V E H I C L F S t  ( N A S A  T N - 3 1 9 1 ) .  I F  Z M P I 0 3 3 9  
C R E R U N  = l t T H E N  A F T E R  C D N V E R G F N C E  T H E  E X A C T  B O O S T E R  IS I N T E G R A T E D  Z M A I 0 3 4 0  
C A N D  T H E  U P P E R  P H A S E S  A R E  R E I N T E G R A T E 0  M A I N T A I N I N G  T H E  S A M E  R U R N I N G Z M A I 0 3 4 1  
C T I M E S  A N D  I N I T I A L  THRIJST A N G L F S  A N D  R A T E .  T H E  ERROR FCJR T H A T  Z M A . 1 0 3 4 2  
C T R A J E C T U R Y  I S  E X A M I N F I )  I J T I L I Z I N G  T H E S E  E O I J A T I O N S .  ZMA I 0 3 4 3  
E V S O ( K M A X ) = E V P  Z MA I0344 
E V P S R T = S O R T ( E V P )  ZMA I 0 3 4 5  
C ZMA I 0 3 4 7  
C ( 3 7 )  S F C O N D  C O N V E R G E N C E  T E S T .  I F  T H F  ERROR I N  D E S I R E D  F I N A L  Z M A I 0 3 4 R  
C T H E  C O N V E R G E N C F  I S  R E C O G N J Z E D  A N D  T H k  C O N V t R G F D  C A S F  IS P R I N T E U .  2 M A 1 0 3 5 0  
D O  3 8  J = l , N A  ZMA I 0 3 5  1 
38 I F ( A B S ( F Y ( K ~ A X t J ) * C O M P ( J ) ) . G T . T O L ( J T J ~ A T A ) )  GO T O  N G O V ( 4 3 9 5 4 )  Z M A I 0 3 5 2  
C Z M A I  0353  
C ( 3 8 )  A T  T H I S  P O I N T ,  I F  J D A T A  A L R E A D Y  E O l J A L S  T \ d n t  T H F N  T H E  G R I I . )  ZMA I 0 3 5 4  
C S P A C I N G  F O R  ' I H E  T A B L E  H A S  PROVE11 S l J F F I C I E N T L Y  F I N E  ANI) A NEW Z M A I 0 3 S 5  
C C A S E  WILL R E  R E A D  I N .  I F  J D A T A  = 1, T H E N  J D A T A  I S  S E T  T O  TWO ZMA 10356 
I F ( S O R T ( E V S O ( K M A X ) ) . G T . E R R O R ( J D A T A ) * X I N P T ( l ) )  GO T O  N G O , ( 4 3 T 5 4 )  Z M A I 0 3 4 6  
c C O N D I T I O N S  I S  L E S S  T H A N  SOME D E C I M A L  F R A C T J O M  S P E C I F I E I )  I N  T O L V  Z M A I 0 3 4 9  
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C A N D  T H F  C O N V E R G F I )  C A S F  WILL R E  P R I N T F D  OIJT. Z M A I 0 3 5 7  
I F ( J D A T A . E O . 2 )  G O  T(1 5 1  Z M A I 0 3 5 8  
J D A T A = 2  . ZMA I 0 3 5 9  
C Z M A I 0 3 6 0  
C ( 3 9 )  C H E C K  I S  C A L L E I )  H E R F  F O R  T H F  F I R S T  T I M E  I N  A C A S F .  I F  T H E  Z C i A I O 3 6 1  
C J D A T A  I S  S E T  EOIJAI- T O  T H R F E  A N D  T H E  T lFF tNDING C A S E  I S  P K I N T F I )  F O R  Z M A I 0 3 6 3  
C 
C PROPFLLANT LOAIIING FOR A N Y  P H A S E  E X C E F D F D  THE P K E s c K I e E r i  V A L U E 7  ~ ~ ~ 1 0 3 6 2  
R t F E  R E N C  E. 
D O  39 J = l t L A S T  
39 N O P T S T  ( J  ) = N ( I P T  ( J  1 
C A L L  C H E C K  
DO 40 J = l r L A S T  
40 I F ( N O P T ( J ) . N E . Y O P T S T ( J ) )  G O  T O  41 
C 
C F I X D T  = 1 I S  4 F L A G  W H I C H  1 N L ) I C A T E S  T O  S T A R T  T H A T  A NON- 
C ( 4 0 )  R E R ~ J N  = 1 INDICATES A C H E C K  mi THE TKICK GRID SPACING. 
C G R I D  K I C K  A N G L E  A N D  S P E C I F I C  R l J K N I N G  T I M E  WILL 3t I N T E G R A T E I ) .  
I F (  RERl IN.EO. 1 )  F I  X D T K = l  
GO T O  33 
C ( 4 1 )  S E E  COMMENT 39. 
4 1 J D A  T A = 3  
4 2  N O P T ( J ) = N O P T S T ( J )  
DO 4 2  J = l r L A S T  
GCI T O  33  
C 
C ( 4 2 )  E V S O ( K M A X )  I S  T H F  E R R O R  FOK T H E  NEW R E F E K E N C k ( S E E  CDMMElUT 
C 3 0 ) .  I F  T H E  NEW R E F E R E N C E  I S  N O T  H E T T E K  T H A N  T H E  P R t V I O U S  
C I N I T I A L  C O N D I T I O N S .  S E E  C O M M E N T  46. 
C O N E  ( K M I N 1 7  T H E N  I T  IS L I E S I R A B L t  T O  C l l T  T H E  C H A N G E S  I N  T H E  
43 IF(EVSO(KMAX).GE.EVSO(KMIN)) G(3 T O  48  
E M A X = A ~ A X ~ ( E V S O ( ~ ) T E V S O ( ~ ) , ~ V S O ( ~ ) ~ E ~ ~ ~ ( ~ ) T E V S Q ( ~ ) ~ E V S O ( ~ ) )  
I F ( S O R T ( Z M I N ( E V S a i N R ) ) . G T . ~ R R ~ ~ X I ~ l P T [ l ) )  GT) T O  44 
C 
C ( 4 3 )  I F  T H E  ERROR T)F T H E  NEW R E F E R E N C E  I N D I C A T E S  T H A T  
C O N V E R G E N C E  I S  C L ( I S E 9  T H E  NEW R F F E R E N C E  M A Y  K F P L A C E  T H E  IdOKST 
C A S E  A N D  A NEW R E F E R E N C E  C O ' 4 P l l T F O  W I T H O I J T  R E P F R T I I Y B I N G .  
G O  T O  19 
( 4 4 )  I F  P E R T l l R R A T I O N S  O N  T H E  NEW R E F E R F N C E  A R E  D E S I R E D 7  
T H E  XO L I S T  IS S E T  U P  A N D  C U N T K O L  I S  R E T I J R N E D  T O  S T A T E M E N T  
11. 
44 DO 4 5  J = l r N A  
DO 45 N = l r N H  
XO ( N 7 J 1 = X I 1  ( K M A  X 9 J 1 
DO 46 J = l r N A  
45 
46 X O ( J + ~ T J ) = X O ( ~ T J ) + X O ( I ~ J ) * D X ( J ) ~ ~ X ( J )  
N R E P = 2  
I)U 47 K = l t N A  
47 F Y ( l , K ) = F Y ( K M A X V K )  
F Y ( I . 9 6 )  = F Y ( K M A X T ~ )  
E V S Q ( l ) = E V P  
GO T O  11 
7 M A I 0 3 6 4 
Z MA I 0 3 6 5 
Z MA I O  3 66 
ZMA I O 3 6 7  
Z M A  I 0 3 6 8  
ZMA I 0 3 6 9  
Z M A I 0 3 7 0  
Z M A I 0 3 7 1  
Z MA I 0 3 7 2 
Z M A I 0 3 7 3  
Z M A I 0 3 7 4  
Z M A I 0 3 7 5  
7 M A I 0 3 7 h  
ZMA I 0 3 7 7  
Z M A I 0 3 7 8  
ZMA I 0 3 7 9  
Z M A I 0 3 8 0  
Z M A I 0 3 8 1  
Z M A I 0 3 8 2  
ZMA I 0 3 8 3  
Z M A  I 0 3 8 4  
ZMA I 0 3 8 5  
Z M A I 0 3 8 6  
Z M A I 0 3 8 7  
Z MA I O  3 8 8 
Z M A I 0 3 8 9  
Z M A I 0 3 9 0  
ZMA I 0 3 9  1 
ZMA I 0 3 9 2  
ZMA I 0 3 9 3  
Z MA 10394 
Z M A I 0 3 9 5  
Z M A I 0 3 9 6  
Z M A l 0 3 9 7  
Z MA I 0 39 8 
Z M A I 0 3 9 9  
Z M A  I O 4 0 0  
Z M A I 0 4 0 1  
Z M A I 0 4 0 2  
Z M A I 0 4 0 3  
Z MA I0404 
ZMA I 0 4 0 5  
Z MA I0406 
ZMA 10407 
Z H A  I 0 4 0 8  
ZMA I O 4 0 9  
( 4 5 )  I F  T H E  F I R S T  R E F E R E N C E  T R A J E C T O R Y  I S  B E T T E R  T H A N  T H F  S E C O N l I r  Z M A I 0 4 1 0  
T H E  ERROR ON T H E  F I R S T  I S  C H F C K F D  T O  1 ) E T F R M I N E  I F  I T  I S  W I T H I N  Z MA I 0 4 1 1 
T H E  C O N V E R G E N C E  T O L E R A N C E .  I F  I T  I S  N O T  W I T H I N  T O L F R A N C F t  T H E  Z M A I 0 4 1 2  
C H A N G E S  I N  I N I T I A L  C O N I ) I T I ~ 1 N S  F R O M  T H E  F I R S T  R E F E R E N C E  TO T H t  Z N A I (1 4 1 3 
S E C O N D  A R E  H A L V E D  A N D  A NEW R E F E R E N C E  I S  C O N S I D E R E D .  Z M A I 0 4 1 4  
4 R  I F ( C O I J N T . E O . ~ . A N D . S O R T ( Z M I N ( E V S O T N B )  ) . G T . F R R * X I N P T ( l ) )  GO T O  44 Z M A I 0 4 1 5  











5 1  
G R E A T E R  T H A N  T H F  ERROR F O R  T H E  O L D  R E F F K E N C E t  T H E  C H A N G E S  
FRCJM T H E  I I L D  T O  T H E  NEW A R E  H A L V E D  l J N T I L  N D  I S  G R E A T E R  T H A N  
N D A M P  OR T H E  NEW R E F F R E N C E  ERROR I S  L E S S  T H A N  T H E  O L D .  
N D= hi I)+ 1 
I F ( N D . G T . N D A M P )  GO T O  5 1  
K M A X = K M  I N 
GO T l l  44 
XO ( K M A  X , N ) = X O  ( K l 4  I N, N + D E L  XI) ( N 1 / Z  . 0 * * N D  
G O  TCI 3 3  
I F ( C O U q T . N E . 1 )  GO T U  49 
00 50 N = l r N A  
( 4 7 )  A DIJMMY R O I J T I N F  A V A I L A B L E  F O R  IJSE A T  T H E  E N D  O F  A 
P R O B L E M .  
C A L L  S T G S S ( K M A X 1  
C R E N D E R  P IJNCHES OIJT R I N A K Y  H O O S T E K  D A T A .  
C 
C 
C ( 4 8 )  I F  M A S H  I S  S E T  TO O N E  I N  SOME R O I J T I N E  O T H E R  T H A N  M A I N I  
C T H E  C H A N G E  F R O M  NEW R E F E R E N C E  T O  O L D  I S  H A L V F D  A N D  A NEW 
C R E F E K E N C E  I S  C O N S I D E R E D .  
I F ( N D O M P . F Q . 1 )  C A L L  R E N D E R  ( 2 )  
GO T O  1 
5 2  MASH=() 
53 D E L  X 0 ( ,I ) = D F L  XD ( J ) / 2.0 
GCI TI) 3 1  
on 53 J = I ~ N A  
C 
C ( 4 9 )  I F  M A S H  I S  S E T  E O l J A L  TO O N E  I N  M A I N ,  I T  I S  A F L A G  T O  
C M A I N A  T O  H A L V E  D E L T K V  T H E  T K I C K  G R I D  S P A C I N G .  I F  A F T E R  T H E  
C G R I D  S P A C I N G  I S  C U T  I N  H A L F  T H E  NEW E K R O R  I S  N O T  L E S S  T H A N  7 5  
C C A L L S  I N  NEhl D A T A .  
C P E R C E N T  OF T H E  OLI )  E R R O R 7  T H E  P R O G R A M  T E R M I N A T E S  T H E  P R O B L E M  A N D  
5 4  M A S H = 1  
MC OI  JNT=MCf ) I lNT+  1 
I F ( M C I I I J N T . E O .  1 . O R . E V S O ( K M A X  1 . L T . 0 . 7 5 * E V S O S l  1 GO T O  5 6  
W R I T E  ( 6 , 5 5 1  
5 5  F O R M A T ( 4 8 H O N O  I M P R O V E M E N T  W I T H  C lJT  I N  K I C K  A N G L E  I N C R E M E N T )  
M A S H  = 0 
G U  T O  5 1  
J D A T A = l  
56  E V S O S T = E V S Q  ( K M A X  1 
Gn T O  
C 
C S E E  COMMENT 2 0  
5 7  W R I T E  ( 6 9 5 8 )  N S T A G F  
G O  T O  1 
F N 0 
5 R  F O R M A T  ( 4 2 H O I N I T I A L  C O N I J I T I ( 1 N S  P R O V I R I T  OSF O F  S T A G E  1 2 )  
ZMA I 041  7 
Z M A I 0 4 1 8  
Z M A I 0 4 1 9  
Z M A I 0 4 2 0  
ZMA I 0 4 2  1 
Z M A I 0 4 2 2  
ZMA I 0 4 2 3  
Z M  A I 0 4 2 4  
Z M A I 0 4 2 5  
Z M A  I 0 4 2 6  
Z M A I 0 4 2 7  
Z M A  I 0 4 2  8 
ZMA I 0 4 2 9  
Z M A I 0 4 3 0  
Z N A  I 0 4 3  1 
Z M A  1043; 
Z M A  1043: 
Z M A  I043L 
ZMA 1043: 
Z M A I 0 4 3 t  
ZMA I 0 4 3 i  
Z M A  I043E 
Z M A  1 0 4 3 5  
Z M A I  044C 
ZMA I 0 4 4  1 
Z M A I 0 4 4 2  
ZMA 1 0 4 4 3  
Z M A  I 0 4 4 4  
ZWA I 0 4 4 5  
Z M A I 0 4 4 6  
ZMA I 0 4 4 7  
Z M A I 0 4 4 8  
Z M A I 0 4 4 9  
Z M A I 0 4 5 0  
Z M A I 0 4 5 1  
Z M A I 0 4 5 2  
ZMA I 0 4 5 3  
Z M A I 0 4 5 4  
Z M A  I 0 4 5 5  
Z M A  I O 4 5 6  
ZMA I 0 4 5 7  
Z MA I 0 4 5 8  
ZMA I 0 4 5 9  
Z M A 1 0 4 6 0  
Z M A I 0 4 6 1  
Z M A  I 0 4 6 2  
Z M A  I 0 4 6 3  
Z M A I 0 4 6 4  
Z M A I 0 4 6 5  



























SIJBROIJT I N E  MA I N A  
S I J R R O O T I N E  M A I N A  C C I N T R O L S  T H E  C H O I C E  CIF K I C K  A N G L E S  A N D  
H O O S T E R  H I I R N I W G  T I M E S  U T I L I Z E I I  I N  T H E  H O O S T  S I I H R O I I T I N E  
I N T E R P D L A T  I O N  SCHEME T O  A C O I J I R E  H O O S T E R  RIJKNl3IJT C D N I ~ I T I ~ l N S  
F O R  A S P E C I F I C  K I C K  A N G L E  A N D  R O O S T E R  R I J R N I N G  T I t q E .  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M B ( 1 0 0 0 )  
C O Y I M O N / A T A R L E / C M E ( R O ~ O )  
D I M E N S I O N  A P T  ( 3  T ~ ~ O ) T A P T M A X ( ~  1 T H R I I N  ( 3  1 
D I M E N S I O N  I T H  ( 3  ) r I T K  (3 ) t K P T  ( 3  ,100) 
D I M E N S I O N  R K  ( 5  1 T T R  ( 6  1 
D I M E N S I O N  TP 
E 011 I V A L  E N C  E 
E O U I V A L E N C E  
E O U  I V A L  E NC E 
E O U I V A L E N C E  
EOIJ I V A L E N C E  
E Q U I V A L E N C E  
E 011 I V A L F N C  E 
Z MA I 000 1 
ZMA I 0 0 0 2  
ZMA 10003 
Z M A i 0 0 0 4  
ZMA I O 0 0 5  
ZMA I0006 
Z M A I 0 0 0 7  
Z M A I  0008 
ZMA I O 0 0 9  
Z M A I O 0  10 
Z M A I O O l l  
Z MA I 00 1 2  
L O G I C A L  A L O G  
I N T E G F R  S T E P S  
I K I C K  E O U A L S  T H E  N U M B E R  O F  D I F F E R E N T  K I C K  A N G L F S  WHOSE 
T R A J E C T O R I E S  H A V E  R E E N  RUN. T H t S E  A R E  A R R A N G E D  I N  A S C F N D I N G  
A R E  P L A C E D  I N  H R I J N ( J )  I N  A S C E N D I N G  ORDER. D E L T K  I S  T H E  S P A C I N G  
F O R  T H E  K I C K  A N G L E  G R I D .  N R U N  F O I I A L S  T H F  NOMRER OF NEW 
T R A J E C T O R I E S  R E O I J I R E I )  I N  A N Y  G I V E N  P A S S  T H R O \ J G H  T H F  R O U T I N E .  
I F  T H E  K I C K  A N G L E  P R E T ) I C T E D  I N  T H E  C O U R S E  O F  I T E R A T I O N  I S  
G R E A T E R  T H A N  90  D E G R E E S  ( W H I C H  I S  A N  I J N A C C E P T A R L F  K I C K  A N G L E  H Y  
R A P I D L Y  R E T I J R N S  T O  M A I N  WHERE T H E  P R F D I C T f D  K I C K  A N G L F  I S  
I F ( T K I C K . G E . 9 0 . 0 )  GO T O  33 
O R D E R  I N  A P T ( l T J ) ,  I F  NEW K I C K  A N G L F S  A R E  T O  RE R I J N T  T H E S E  
D E F I N I T I O N ) T  M A I N A  S E T S  M A S H  = 1 7  A N D  C O N T R O L  E V E N T U A L L Y  B U T  
D E C R E A S E D  T O  IJN1)ER 9 0  D t G R E E S .  
I F ( M A S H . E O . 0 )  GO T O  2 
M A S H  NOT EQUAL TO ONE I M P L I E S  T H A T  TNE GRID SPACING H A S  HFEN 
F O U N D  T O  H E  TOO L A R G E  I N  M A I N  A N 0  D E L T K  I S  H A L V E I ) .  
M A S H = O  
N R U N = 1  
D E L T K = D E L T K / 2 . 0  
C H O O S E  NEW K I C K  A N G L E  
T F ( J K I C K . E ~ , ~ . ~ R . ( J K I C K ~ ~ Q . I K I C K . A N D . T K I C K . G T . A P T ( ~ T J K I C K ) ) )  
1GO T O  1 
B R U N ( ~ ) = ( A P T ( ~ , J K I C K ) + A P T ( ~ T J K I C K - ~ )  ) / 2 . 0  
GO T O  1 7  
Z MA I 0 0 2 4  
Z M A I 0 0 2 5  
Z M A I O O 2 6  
Z M A  I O 0 2 7  
ZMA I 0 0 2 8  
ZMA I 0 0 2 9  
Z M A I 0 0 3 0  
Z MA I 0 0 3 1 
Z MA I 00 3 2 
Z M A I  0033 
Z M A I 0 0 3 4  
Z M A I  0035 
ZMA I0036 
Z MA I 0 0 3 7 
Z M A I 0 0 3 H  
ZMA I 0 0 3 9  
Z M A I 0 0 4 0  
ZMA I 0041  
Z M A  I 0 0 4 2  
ZMA I 0 0 4 3  
Z M A I 0 0 4 4  
ZMA I 0 0 4 5  
Z MA I0046 
ZMA I 0 0 4 7  
ZMA I 0 0 4 8  
ZMA 10049 
Z M A I 0 0 5 0  
Z M A I 0 0 5 1  
ZMA I 0 0 5 2  
Z M A I 0 0 5 3  


























1 H R U N ( l ) = A P T ( l r J K I C K ) + S I G M ( D E L T K , F L O A T ( J K I C K ) - F L ~ A T ( I K I C K ) / 2 . O )  
GO T O  17 
2 I F ( I K I C K . N E o O . A N D . 1 M O D F . N E . O )  GI1 T O  7 
I N T E G R A T E  V E R T I C A L  R I S E  A N D  I N I T I A L I Z E  I M O D E  
I M O D E  = 0 
C A L L  M A I N H  
CHOOSE T H R E E  G R I D  K I C K  A N G L E S  C L O S E S T  T O  T K I C K  
3 T K = F L O A T ( I F I X ( ( T K I C K + . 0 5 ~ ~ 1 0 . 0 ~ ~ / 1 0 . 0  
4 IF(AHS(TK-TKICK).LE.@ELTK) G O  TLI 5 
T K = T K + S I G M ( D E L T K ~ T K I C K - T K )  
G O  T O  4 
5 N R l J N = 3  
6 H R I J N ( J ) = T K + F L O A T ( J - 2 ) * D E L T K  
[IO 6.J = 1 r N R O N  
IF(IMODE.NE.OI GO ~ 0 1 7  
I = 3  
G O  T O  2 5  
Z M A  I 0 0 5 5  
Z M A  I 0 0 5 6  
Z M A I 0 0 5 7  
Z M A I 0 0 5 8  
Z M A  I 0 0 5 9  
Z M A I O O 6 0  
ZMA I O 0 6 1  
Z M A I 0 0 6 2  
Z M A  10063 
Z M A I 0 0 6 4  
Z M A I 0 0 6 5  
Z M A  I0066 
Z M A  I 0 0 6 7  
Z M A I 0 0 6 8  
Z M A  I 0 0 6 9  
Z M A I 0 0 7 0  
Z M A  I 0 0 7 1  
Z M A I 0 0 7 2  
Z M A I 0 0 7 3  
Z M A I 0 0 7 4  
Z M A  10075  
Z M A I 0 0 7 6  
T H I S  S E C T I O N  ( T H R O I J G H  S T A T E I 4 E N T  N U M B E R  1 8 )  I N T E R R O G A T E S  T H E  L I S T  Z M A I 0 0 7 7  
O F  K I C K  A N G L E S  F O R  W H I C H  T R A J E C T O R I E S  H A V E  H E E N  R I J N  A N D  D E T E R M I N E S Z M A I 0 0 7 8  
Z M A  I O 0 7 9  W H I C H  O F  T H E S E  A R E  S A T I S F A C T O R Y  F O R  U S E  I N  T H E  I N T E R P U L A T I O N  
S C H E M E  A N D  O N  T H E  B A S I S  O F  T H O S E  A L R E A D Y  A V A I L A R L F T  C H O O S E S  NEW Z M A I 0 0 8 0  
K I C K  A N G L E S  T O  H E  RIJN T O  C l I l r l P L E l F  A S A T I S F A C T O R Y  S E T  O F  T H R E E  K I C K Z M A I 0 0 8 1  
Z M A  I 0 0 8 2  A N G L E S  F O R  M E  R Y  T H E  R O O S T  S I J H R O I J T I N E ,  
F I N D  I N T E R V A L  I N  G R I D  I N T O  W H I C H  T K I C K  F A L L S ,  
7 IF(TKICK.LT.APT(lrJKICK)) GO T O  8 
I F ( J K I C K , E O . I K I C K )  GO T O  9 
.IK I C K =  J K  I L K +  1 
GO T O  7 
J K I C K Z J K I C K - 1  
G O  T O  8 
A I F ( J K I C K . E O . ~ . O R . T K I C K . G ~ . A P T ( ~ T J K I C K - ~ ) )  Gl.) T O  9 
F I N ' D  T H R E E  C L O S E S T  G H I O  K I C K  A N G L E S  T O  T K I C K  
9 J A =  M A X O ( l , J K I C K - 2 )  
J H =  M I N O ( I K I C K , J K I C K + 2 )  
J C = J R - J A + l  
DO 10 I = l , J C  
J D = J A +  1-1 
R K A ( I ) = F L O A T ( J I ) )  
10 R K ( I ) = A H S ( P P T ( l T J D ) - T K I C K )  
C A L L  S O K T X Y  ( R K T R K A I  J C  1 
K K  = R K A ( 1 )  
R K A ( 1 )  C O N T A I N S  T H E  N O M H E R  I ) F  T H E  C L O S F S T  K I C K  A N G L E .  
I I E T E R M I N t  K I C K  A N G L E  T I )  H F  {)SEI)  F R O M  T H F  E X I S T E N T  K I C K  A N G L F S  I N  
T H E  G R I D  ANI )  C H O O S E  A N Y  N E M  K I C K  A N G L E S  W H I C H  MlJST B E  I N T t G H A T E D .  
I F ( R K ( l ) . L T . D t L T K )  G O  T O  17  
N R t I N = 2  
K A = K  
I k ( R K  ( 1 1 - 6  F 2 .  O'r D E  L T K  1 GO T [I 3 
D E L T K P = S I G ~ ~ ( D E L T K T T K I C K - A P T ( ~ T K K ) )  
D O  11 K = 1 9 2  
Z M A I 0 0 8 3  
Z M A  I 0 0 8 4  
Z M A I O O R 5  
Z M A I 0 0 8 6  
Z M A I 0 0 8 7  
Z M A I 0 0 8 R  
Z M A  10089 
Z M A  I0090 
Z M A  1009 1 
Z M A I 0 0 9 2  
Z M A I 0 0 9 3  
Z M A I 0 0 9 4  
Z M A  I O O Y  5 
Z M A  I O 0 9 6  
ZMA 1009 7 
Z M A  I 0 0 9 R  
Z M A  I 0099  
Z M A I 0 10 0 
Z M A  I O 1  0 1 
Z M A  I O  102 
Z M A  I O  103 
Z M A  I O  104 
Z M A I 0 1 0 5  
Z MA I 0  106 
Z MA I 0 1 0 7 
Z MA I O  1 0 8  
Z M A I O 1 0 9  
Z M A I O l l O  
Z M A I O 1 1 1  
Z M A I 0 1 1 2  
Z I V i A I O I  13 
Z M A I 0 1 1 4  
I F ( D E L  T K P  . L T. 0 - 0  ) K A = 3 - K  
11 H R I I N (  K A  = A P T (  1 T K K  ) + F L O A T  ( K  ) * O E L T K P  
G I I  T O  1 7  
C P I C K  K I C K  A N G L E S  F R O M  E X I S T I N G  G R I D  F O R  I N T E R P O L A T I O N  IJSE. 
1 2  I F ( R K ( 3 ) . L E . 3 . O * D E L T K )  G(7 T O  13  
I F ( K K ( 2 ) . G T . 2 . 0 * D E L T K )  GO T O  15 
N R U N = 1  
GO T O  1 7  
K A = R K A  ( J  
H R l J ” J l ) = A P T ( l ~ K K )  + S I G N ( D E L T K T T K I C K - A ~ T ( ~ T ~ K ) )  
13 DO 14 J = 193  
A P T M A X ( J ) = A P T ( l , K A ) - T K I C K  
14 I T K ( J ) = K P T ( Z ? K A )  
GO T I 1  2 9  
15 N R l J N = 2  
DO 16 J = 192  
16 R R I J N ( J ) = A P T ( l , K K ) + ( - l . O ) ~ ~ J ~ D ~ L T K  
1 7  IF (BRUI \ (NRUN) .LF .~O.O-DELTK)  GO T O  19 
N R U N = 3  
T K = 9 0 . 0 - 4 . 0 * D E L T K  
DO 18 J A = 1 , 3  
1 8  R R l l N ( J A ) = T K + F L O A T (  J A ) * D E L T K  
C 
C C O M P A R E  L I S T  OF N E W  K I C K  A N G L E S  T O  HE R U N  ( H R U N ( J ) )  W I T H  E X I S T E N T  
C K I C K  A N G L E S  AN!’) E L I M I N A T E  A N Y  O I J P L I C A T I O M .  
19 I = N R U N  
DO 2 4  J = 1 7 I K I C K  
K = I K I C K - J + 1  
K A = K +  I 
N R U N Z N R I J N - 1  
I F ( N R l J N . E O . 0 )  G O  TO 13 
2 0  I F ~ A H S ~ H R U N ~ I ~ ~ A P T ~ l ~ K ~ ~ ~ G T ~ O ~ O O O O O l ~ c D E L T K ~  G O  T O  2 2  
IF ( I . E O . N R U i \ + l )  G O  T O  19 
DO 2 1  J A = l , N R l J N  
2 1  R R I J N ( J A ) = R R I I N ( J A + l )  
GO T O  19 
C 
C A L S O  P U T  NEW K I C K  A N G L E S  I N  P R O P E R  P O S I T I O N  ( A S C F N D I N G  O R D E R )  
C I N  A P T ( 1 r J ) .  
2 2  I F  ( H 4 1 J N ( I ) . L T . A P T ( l . K ) )  GO T U  2 3  
A P T ( l 9 K A )  = R R U N ( 1 )  
K P T ( 2 , K A )  = I K I C K + I  
I = 1-1 
I F ( 1 . E O . O )  G O  T O  2 7  
K A Z K A - 1  
G O  T I 1  2 0  
2 3  A P T ( 1 , K A )  = A P T ( 1 r K )  
K P T ( ~ T K A ) = K P T ( Z T K )  
r 
L 
2 4  C O N T I N l J E  
2 5  DO 2 6  J = ITI 
A P T (  l r J ) = H R I J N (  J 1 
2 6  K P T ( Z r J ) = I K I C K + J  
C 
C I N T E G R A T I O N  OF NEW K I C K  A N G L E S  
C 
C I M U D E  E O U A L  T O  O N E  F O R  I N T E G R A T I N G  B l ) O S T F R  A F T F R  V E R T I C A L  R I S E  
27  I M O D E = l  
r 
L 
Z Irl A I 0 1 1 5 
Z MA I 0 1 1 6 
Z M A  I O 1  1 7  
Z M A I O l l R  
Z M A I O l 1 9  
Z M A I O 1 2 0  
Z M A I O l Z l  
Z M A I O 1 2 2  
Z M A  I O 1  23  
Z M A I 0 1 2 4  
Z M A I O l Z 5  
Z M A I O 1 2 6  
Z r l A  I O 1  27 
Z M A  I O  1 2  8 
ZMA I 0 1 2 9  
Z M A  I 0 1 3 0  
Z M A I 0 1 3 1  
Z M A  I O 1  3 2  
Z M A I 0 1 3 3  
Z M A I 0 1 3 4  
Z M A I  01 3 5  
Z M A I  01  36 
ZMA I 0 1 3 7  
Z M A  I 0 1 3 8  
ZMA 10139 
Z M A I O 1 4 O  
Z M A I O 1 4 1  
Z M A I 0 1 4 2  
Z M A I  0143 
Z M A  I0144 
Z M A I 0 1 4 5  
Z M A  I O  146 
Z M A I 0 1 4 7  
Z M A I 0 1 4 8  
ZMA I0149 
Z M A I  0150 
Z M A  I O 1  5 1  
Z M A I 0 1 5 2  
Z M A I O 1 5 3  
Z M A I 0 1 5 4  
ZMA IO 1 5 5  
Z M A I 0 1 5 6  
ZMA 10157  
Z M A I O 1 5 8  
Z M A I 0 1 5 9  
Z M A I O  160 
Z M A I  0161 
Z M A  I 0 1 6 2  
Z M A  I O  163 
Z M A  I O  164 
Z M A  I 0 1 6 5  
Z M A I 0 1 6 6  
Z M A I 0 1 6 7  
Z M A I 0 1 6 R  
ZMA I O 1  69 
Z M A I 0 1 7 0  
ZMA IO1 7 1  
Z M A  IO1 7 2  
Z M A I 0 1 7 3  
Z M A I 0 1 7 4  
115 
C T B L A S T  E Q U A L S  M A X I M U Y  T I M E  I N  B U O S T  T A H L F  
C 
C C U N T R 9 L S  F O R  P R I N T  O O T  ( S E E  S T E P )  
T R O U S T ( L A S T l ) = T H L A S T  
S T E P S =  1000 
T M  I N = T M  I N S T  
D E L M A X = D E L T H  
I, 
C P R I N T  H E A D I N G S  
C A L L  O I J T P ' r 7  ( 0 )  
00 2 8  J = l * N R ! J N  
C 
C S E T  MI3001JT F O R  I N T t G R A T I h l G  T A B L E  T R A J E C T O R Y  
C 
MUI )OIJT= l  
I H I J R N = O  
E L E V = H R l J N (  J 1 
I F ( M U D E C . N E . 1 )  W R I T E  ( 6 9 3 4 )  E L F V  
C 
C I N C R E M E N T  I K I C K  H Y  O N E  F O R  E A C H  NEW TRA.JECT0RY 
C 
C I N T E G R A T I O N  O F  NEW K I C K  A N G L F S  C ~ I N T R U L L F O  B Y  M A I N B  
C 
I K I C K = I K I C K + l  
C A L L  M A I N H  
2 8  K P T ( 3 1  I K I C Y ) = I H I J R N  ,. 
L 
C K E S F T  L A S T  
C 
C S E T  I M U D E  E O l J A L  T U  TWO F O R  (JPPEK S T A G E  O P E R A T I O Y .  
L A S T = 5  
I M O D E = 2  
G O  T O  7 
29  K K = I T K ( l )  
C 
C O E T t R M I N E  H O O S T t R  H U K N I N G  T I M E S  Tfl  H E  I J S E U  I N  I N T E R P O L A T I O N  
C SCHEME.  I T H ( J )  S C f I R R E S P O N L )  T O  T H E  T I M E S  U F  H O O S T E R  HURNUI!T 
C P C I I N T S .  
T H I J R N = T H (  1 ) + T S P M  
I T R  ( 1 ) = I F I X ( ( T Y l l R  N+DE L T H  / 2 . 0 - T  M I N S T 1 / ' IF L T R ) + 1 
I F ( I T H  ( 1 1 . L T - 1 OR I T B  ( 1 ) G T  . K P T  ( 3 9 K K  ) G l l  10 3 3  
A L O G = I T R ( L ) . G T . l  
I F ( A L U G )  G U  T U  30 
I T H ( 3 ) = I T H ( 2 ) - 1  
G U  T O  3 2  
30 I T H ( 2 ) = 7  
I T R  ( 3  ) = 3  
G O  T O  32 
I T H ( 3 ) = 1 T B ( l ) + I S I G N ( l ~ I T ~ ~ l ~ - I T ~ ~ 2 ~ )  
I F ( A L O G . A N n . l T R ( l ) . L T . K P T ( 3 r K K ) )  GO T O  3 1  
I T H ( Z ) = K P T ( 3 , K K ) - l  
31  I T H ( 2 ) = I T R ( l ) - I F I X ( S I G N ~ l . O , F L ~ A T ( I T R ( 1 ) ) ~ O ~ L T ~ - T H 1 J R N + T M I N S T ) )  
I, 
I, 
C R O O S T  P E R F O R M S  I N T E R P O L A T I O N .  
C 
37 C A L L  R O O S T ( V A R ~ N V A R ~ N K 1 C K S )  
R F T l l Y N  
3 3  M A S H = l  
R E T 1JKN 
E N D  
34 F O R M A T ( 1 4 H O K I C K  A N G L F  = r G 1 4 . 7 )  
ZMA I O 1  75 
Z M A  I O 1 7 6  
Z M A I 0 1 7 7  
Z MA I 0 17 8 
ZMA I 0 1  79 
Z M A I 0 1 8 0  
ZMA I 0 1 8  1 
Z M A  I O 1  82  
ZMA IO 183 
Z MA I O  184 
ZMA I O 1 8 5  
Z M A  10186 
ZMA I O 1  8 7  
Z M A I O l R 8  
Z M A I 0 1 8 9  
Z M A  I0190 
Z MA I 0 1 9 1 
Z M A I 0 1 9 2  
Z M A I 0 1 9 3  
ZMA I O  194 
Z M A  I 0 1 9 5  
Z M A  I O 1  96 
Z M A  10197 
Z M A I 0 1 9 8  
Z M A I 0 1 9 9  
Z M A I 0 2 0 0  
Z M A I  0201  
ZMA I 0 2 0 2  
ZMA I 0 2 0 3  
Z M A  I 0 2 0 4  
Z M A  I 0 2 0 5  
Z M A  I 0 2 0 6  
ZMA I 0 2 0 7  
Z M A  I 0 2 0 8  
ZMA I O 2 0 9  
Z M A  I 0 2  10 
Z M A I O 2 l l  
Z MA I 0 2  1 2 
ZMA I 0 2 1 3  
Z M A  I 0 2  14 
ZMA I O 2 1  5 
Z M A I 0 2 l h  
ZMA I 0 2  1 7  
Z M A I O 2  1 8  
ZMA I 0 2 1 9  
Z M A  I 0 2 2 0  
ZPlA I 0 2 2  1 
Z M A I 0 2 2 2  
ZMA I 0 2 2 3  
Z MA I 0 2  2 4 
Z M A I 0 2 2 5  
Z M A  I 0 2 2 6  
ZMA I 0 2 2 7  
Z M A I 0 2 2 8  
Z M A I 0 2 2 9  
Z H A I 0 2 3 0  
ZMA I 0 2 3 1  
Z IMA I 0 2  32 
Z M A I 0 2 3 3  
Z M A  I 0 2  34 
Z M A I 0 7 3 5  
Z M A I 0 2 3 6  
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SIJRROIJT I N E  MA I N H  ZMA 1000 1 
Z M A  I 0 0 0 2  
SI IRROIJT  I N E  M A I N H  P E R F O R M S  T H E  I N I T I A L I Z A T I ( 1 N  N E C E S S A R Y  ZMA I O 0 0 3  
F U R  I N T E G R A T I N G  T H F  B O O S T E R  P H A S E  I N C L U D I N G  T H E  V E R T I C A L  Z M A  10004 
R I S E  P U R T I O N .  T H E  T I H t  I N T E R V A L  ( D E L T H )  B E T W E E N  T A B L E  S T O R A G E  ZMA I0005 
P O I N T S  I S  C A L C l l L A T t D  I N  T H I S  R O I J T I N E .  Z MA I0006 
ZMA I 0 0 0 7  
COMMON / C S T A R /  C M A ( 1 0 0 0 )  , C M H (  1000)  Z M A I 0 0 0 8  
CCJMMON / A T A H L E /  C M E  ( 8000 ZMA 10009 
n I l 4 E N S I O N  A N G L E H ( 4  I q A N G L E S ( 4  r H A R 1 ) B  ( 6  1 Z M A I O O l O  
D I M E N S I O N  P E R H  ( 2  ) ,RH ( 5  ) , S I h l A  ( 4  1 ZMA I O 0 1  1 
r ) I M E N S I U N  T R C ) O S T ( 6  ) t T S  ( 6  ) , W T F L O W ( h  1 Z M A I 0 0 1 2  
D I M E N S I O N  X (100 ) r X P R I W  (100,il ) t X S T O R 0 ( 4  1 Z M A I O O  1 3  
E O I J I V A L F N C E  ( A  , C M E ( 0 0 4 ) ) , ( A L T  r C M F ( O O S ) ) r ( A L T E  , C M A ( R O L j ) )  Z M A I 0 0 1 4  
E O I J I V A L E N C E  Z M A I O O l 5  
E O I J I V A L E N C E  ( B  r C M A ( R 1 4 ) ) , ( D E L T  r C M A ( 7 O l ) l r ( D E L T H  , C M F - ( O l h ) )  Z M A I 0 0 1 6  
E Q U I V A L E N C E  ( D E L T ~ T , C M A ( 8 0 3 ) ) , ( E L E \ /  r C M A ( 7 9 0 ) ) r ( E S T A R T , C M A O )  Z P l A I 0 0 1 7  
E O U I V A L E N C E  ( F U E L T  , C Y E ( 0 1 4 ) ) , ( H A R D R  ~ C ~ ~ ' A ( 7 2 1 ) ) ~ ( H A R D H T ~ C M € ~ 0 1 5 ~ )  Z M A I 0 0 1 8  
E O U I V A L E N C E  ( H S T O R E r C ~ E ( 0 1 2 ) ) r ( I K C K S T t C M B o t ( I K I C K  ,CME(ZOG)) Z M A I 0 0 1 9  
E O t I I V A L E N C E  ( I M O D E  , C M H ( O h l ) ) , ( J C O S T  , C F h R ( 1 2 9 )  ) q ( J K I C K  r C F ( ' R ( O h 3 ) )  Z M A I 0 0 2 0  
E O U I V A L E N C E  ( L A S T  , C [ v t A ( 7 1 1 ) ) r ( L A S T 1  r C M A ( 7 5 3 ) ) , ( N K T C K  7 C M E I O Z O ) )  Z M A I 0 0 2 1  
E O I I I V A L F N C E  ( N K I C K S ~ C M E ( n 2 1 ) ) ~ ( N S T k G E , C ~ l A ( 7 7 0 ) ) ~ ( I l u V A R  r C V H ( 0 7 3 ) )  Z M A I 0 0 2 2  
E O I J I V A L F N C E  ( O H L A T N , C M E ( 0 0 2 )  1 9  L [ l H L A T S r C M A ( 8 1 5 )  1 ,  ( P t R H  , C M H ( 0 5 5 )  1 Z M A I 0 0 2 3  
E O I I I V A L F N C E  ( K A D I t J S , C M E ( 0 1 3 )  1 ,  ( R H  q C P l A ( 7 5 4 )  1 ,  ( R E V O L V r C M A ( 7 9 9 )  Z M A 1 0 0 2 4  
E Q U I V A L E N C E  ( S I N A  r C M A ( 7 9 1 ) ) , 1 S T n A  r C M A ( R 1 3 ) ) , ( T R L A S T , C M ~ ( ~ l ~ ) )  Z M A I 0 0 2 5  
E O U I V A L F N C E  ( T R O  , C M E ( 0 1 7 ) ) , ( T B O O S T , C M A o ) 1 ( T I M E  y C M A ( 0 1 7 ) )  Z M A I 0 0 2 6  
E O I J I V A L E N C E  ( T K T I M E , C M A ( R ~ ~ ) ) ~ ( T ~ I N S T ~ C M E ( O ~ ~ ) ) T ( T S  v C M A ( 9 3 2 ) )  Z M A I 0 0 2 7  
E O I J I V A L E N C E  ( T S P M  , C M E ( 0 1 0 ) ) r ( T S T A R T , C P l A ( 7 9 6 ) ) y ( \ / A T 5  r C V A ( 7 6 H ) )  Z M A I O U 2 8  
E Q U I V A L E N C E  ( V E L  ,CME100l))~lVSTARTrCMA(797)),(WSTOR€~CMF(Oll)) Z M A 1 0 0 2 9  
E O I J I V A L E N C E  ( W T F L T I W , C M A ( 7 3 3 ) ) , ( W T O  r C M A ( 7 2 0 ) ) , ( X  , C F l A ( 4 0 1 )  1 Z M A I 0 0 3 0  
( A N G L E H v C M E ( O Z 5 )  ) 9 ( A h I G L E S r C M A (  7 8 6  1 1 ,  ( A S T A R T I C M A (  7 9 8 )  1 
E O I J I V A L E N C E  ( X P R I M  , C M A ( 0 0 1 ) )  9 ( X S T O R O I C P I E ( O O ~ )  1 ZMA 1 0 0 3 1  
D O I J R L E  P R E C I S I O N  X P R I M , T I M E  Z MA I 0 0 3 2  
E X T E R N A L Z M A I 0 0 3 3  
D A T A  R A D D E G / 5 7 . 2 9 5 7 7 9 5 /  ZMA I 0 0 3 4  
S I N A ( l ) = S I N ( A ~ G L E S ( l ) / R A ~ D E ~ )  ZMA I 0 0 3 5  
N S T A G E = l  Z MA I 00 3 4 
ZMA I O 0 3 7  
S E T  J C f l S T  T O  H Y P A S S  C O A S T  R C I I I T I N E  Z M A I 0 0 3 8  
J C f l S T  = 1 Z M A I 0 0 3 9  
Z M A I 0 0 4 0  
ZMA I 0041  
I F ( I M O D E . N E . 0 )  G O  TO 7 Z IN A I 0 042 
I M D O E  E O I J A L  T O  Z E R U  I M P L I E S  T H A T  A V E R T I C A L  R I S E  I S  T O  R E  ZMA I0043 
I N T E G R A T E D .  I M O D E  N O T  E Q I J A L  T O  Z E R O  I M P L I E S  T H A T  T H E  Z E R O  A N G L E  Z M A I 0 0 4 4  
O F  A T T A C K  P O R T I O N  I S  T O  HE I N T E G K A T E I ) .  ZMA I O 0 4 5  
Z M A  I0046 
I N I T I A L I Z E  I K I C K  A N D  J K I C K  / M A  10047 
I K I C K = O  Z MA I O 0 4 8  
J K I C K = l  ZMA 10049 
Z M A  I O 0 5 0  
N K I C K = 7 5 0 0 / 2 5 / N V A R  Z I4 A I 00 5 1 
N K I C K S = Z ' j * N K I C K  Z M A I @ O 5 2  
F U E L  T = O  . 0 ZMA I 0 0 5 3  
T S P M = T S T A R T  Z M A I  0054 






























I K C K S T  = 0 
T H O  E O U A L S  W E I G H T  A T  R E G I N N I N G  I1F T A R L F  S T O R A G F .  
T R O = P E R R ( l ) = W T O  
L A S T l  G R E A T E R  T H A N  O N E  I M P L I E S  T H A T  A M U L T I - S E G M E N T  B O O S T E R  I S  
D E S I R E D .  
I F ( L A S T l . N E . 1 )  GO T O  1 
T H L A S T  E Q U A L S  T I M E  A T  E N D  O F  T A B L E  S T O R A G E .  
T R L A S T = P E R H ( 2 ) ~ W T C J / W T F L f l W ( l ) + T S T A R T  
T M I N S T  E Q U A L S  T I M E  A T  B F G I N N I N G  (IF T A B L E  S T O R A G E .  
T M I N S T = T H O / W T F L O W ( l ) + T S T A R T  
D E L T H  F O U A L S  T I M E  I N T E R V A L  R F T W E F N  S T O R A G E S .  
D E L T H = ( T H L A S T - T M I N S T ) / 2 4 . 0  
c,n TO 3 
T H E  B E G I N N I N G ?  ENl), A N D  I N T E R V A L  C)F T A B L E  S T O R A G E  A R E  C A L C l J L A T E D  
F U R  A M U L T  I - S E G M E N T  H O O S T E R  
1 L A S T l A Z L A S T l - 1  
00 2 J = 1 r L A S T l A  
T S P M = T S P M + T B O O S T ( J )  
H A R D R T = H A R D B T + H A R D R (  .J ) 
2 F U E L T = F U E L T + W T F L O W  ( J * T R O f l S T  ( .I 1 
T M I N S T = (  T B O - F U E L T - H A R D B T ) / W T F L f l b l (  L A S T l  ) + T S P M  
T B L A S T = ( P E R H ( 2 ) 9 W T O - F U E L T - H A R D B T ) / W T F L O W ( L A S T l )  
I > E L T R = (  T S P M + T R L A S T - T M I N S T ) / 2 4 . 0  
T H I S  S E C T I O N  P R E P A R E S  T H F  I N I T I A L  S T A T E  C O N D I T I I I N S  W H I C H  A R E  
C O N V E R T E D  I N T O  R E C T A N G l l L A R  C O n R D I N A T E S  I N  T U D E S .  
E S T A R T  E L E V A T I O N  A N G L F  A N D  E O I I A L S  90 DEGRFES 
T S T A R T  I N I T I A L  T I M E  
A S T A R T  I N I T I A L  A L T I T U n E  
O B L A T N  O N E  I F  O R L A T E N F S S  I S  t ISF l> t  Z E K I I  I F  N O T  
3 A N G L E S ( G ) = E S T A R T  
T I M E = I ) H L E ( T S T A R T )  
V E L = V S T A K T  
A L T = A S T A R T  
ll H L  A T N  = O H L  P T S 
A = S T O P  
I F ( O H L A T N . N E . O . 0 )  G O  T O  4 
A = A * H / S Q K T ( H 3 3 2 + ( A = 8 2 - R ~ ; ~ 2 ) = S I N A ( l ) 3 * 2 )  
R A I) I U S  = A+ A L T 
G O  T O  5 
4 R A D I I J S = A ~ R / S ~ R T ( H 3 ~ 2 + ( A = 8 2 - ~ ~ ~ 2 ) = S I ~ l A ( l ) ~ 3 2 ) + A L T  
5 C A L L  T l J n E S  
X S T U R L I  S T O K E S  T H E  I N I l I A L  X ?  Y ?  Z C O M P O N E N T S  O F  R A D I l J S  F O R  l J S E  
I N  C A L C t J L A T I N G  T R A V E L  A N G L E ?  E T C .  
X S T O R O ( l ) = S N G L ( X P K I M ( h t l ) )  
XSTC)RO( /?  ) = S N G L  ( X P R I M (  77  I 1 
X S T O R O (  3 ) z S N G L  ( X P K  I N (  8 7  1 
X S TOR 0 ( 4 1 = r)O T ( X S T URCl? X S T 0 R O  1 
) 
L A S T = ]  
118 
ZMA 10055 
Z M A  I0056 
Z M A  I 0 0 5 7  
Z M A I 0 0 5 8  
ZMA I O 0 5 9  
Z M A  10060 
ZMA I 0 0 6 1  
Z M A  I 0 0 6 2  
Z M A  10063 
Z M A I 0 0 6 4  
Z M A I 0 0 6 5  
Z M A 1 0 0 6 h  
Z MA I 0 0 6 7 
Z M A I 0 0 6 8  
ZMA I0069 
Z M A I 0 0 7 0  
Z M A I O 0 7 1  
Z M A  I 0 0 7 2  
Z M A I 0 0 7 3  
ZMA I0074 
ZMA I 0 0 7 5  
Z M A  10076 
ZMA I 0 0 7 7  
Z M A I 0 0 7 8  
Z M A  I 0 0 7 9  
Z M A  I0080 
ZMA I O 0 8  1 
Z M A  I 0 0 8 2  
Z M A I 0 0 8 3  
Z M A I 0 0 8 4  
Z M A I O O 8 5  
Z M A  I0086 
ZMA I 0 0 8 7  
Z M A  I0088  
ZMA I 0 0 8 9  
Z M A I 0 0 9 0  
ZMA I 0 0 9  1 
Z M A  I 0 0 9 2  
ZMA I 0 0 9 3  
Z M A  I0094 
Z M A I 0 0 9 5  
Z M A  I0096 
ZMA I 0 0 9 7  
Z M A I 0 0 9 8  
Z M A I 0 0 9 9  
Z M A  I O  100 
Z M A  I O  10 1 
Z M A I O l O 2  
ZMA 10103 
Z M A I 0 1 0 4  
Z M A I 0 1 0 5  
Z M A I O l O h  
Z M A I O 1 0 7  
Z M.A IO 1 O R  
Z M A I 0 1 0 9  
Z M A I O l l O  
ZMA I O 1  11 
Z M A I O l l 2  
ZMA I O 1  13 












































T K T I M E  I S  T H E  L E N G T H  OF V E R T I C A L  R I S E  
T S ( l ) = T K T I F E + T S T A R T  
H E A T  I N T E G R A L  P O S I T I O N  I N  X P R I M  ( S t E  R I J N G F K )  I S  ZEKOEI). 
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C T H I S  R C I I J T I N E  Z E R U S  T H E  D A T A  W H I C H  MIJST R t  Z E R O E D  B E F O R E  Z P R D O O O 2  
C P R O G R A M  E X E C I ! T I O N .  Z P R D 0 0 0 3  
r, Z P R D 0 0 0 4  
R L r l C K  I I A T A  Z P R D 0 0 0 5  
C P E K I I A T  Z P R D O O O 6  
D I M E N S I ( l N  C O M P A  ( 3  ) ,DRAG ( 3  ) , E X I T S  ( 6  1 Z P K D 0 0 0 7  
DIMENSION F L O M X  ( 6  ) , F O R C E  ( 3  1 9 F r l R C E S  ( 6  1 Z P R D O O O H  
COMM( I I \ I /CSTAR/CMA(  1000) r C M H (  1000) Z PR D O 0 0 9  
I ) I M E N S I O N  F Y D  ( 5  ) , H A R D  ( 6  ) r H A R D R  ( 6  1 Z P R D O O l O  
I I I M E N S I O N  N O P T  ( 6  ) ,NOIJT ( 6  93 ) , tVSETS ( 2 0  1 Z P R D O O l 1  
D I M E N S I O N  O H L A T  ( 3  ) , P R O P  ( h  ),TI3 ( 6  1 Z P R D 0 0 1 2  
V I  M E N S  I O N  T H O O S T  ( 6  ) , T H R I J S T ( h  ),WPMAX ( 6  ) Z P R DO0 1 3 
D I M E N S I I 1 M  W T F L O W ( 6  1 ,XINPT ( l o r )  1 Z PRDOO 14 
F O U I V A L E N C E  ( H E T A  , C I Y A ( 8 8 0 ) ) r ( C A P P A  , C M A ( 8 9 1 ) ) , ( C D  v C M A ( R 1 2 )  1 Z P R D 0 0 1 5  
E O I J I V A L E N C E  ( C O M P A  , C k A ( 7 8 3 )  ) r ( D F L T A V , C M A ( R 6 1 ) ) , ( 0 R A G  q C M A ( 7 7 7 )  Z P R D 0 0 1 6  
E O U I V A L E N C E  ( D R O P  , C I * l A ( 8 h 3 )  1 ,  ( E N F K G Y q C M A ( 8 9 2 )  1 , ( E X I T S  r C N A ( 7 2 7 )  1 Z P R D 0 0 1 7  
E O O I V A L E N C E  ( F L O N X  , C M A ( 8 3 7 ) ) , ( F O R C F  , C M A ( 7 7 4 ) ) r ( F r J R C E S , C M A ( 7 3 9 ) )  Z P R D O O l R  
E O U I V A L E l W C E  ( F Y D  r C M ? ( 0 3 h ) ) , ( H A R D  , C M A ( 8 4 3 ) ) r ( H A R D B  , C M A ( 7 2 1 )  Z P R D 0 0 1 9  
E O I J I V A L E N C E  ( I T E R I ’ O , C Y B ( O h O )  ) , ( M A S H  , C M H ( 0 6 4 )  1 ,  ( N O P T  r C M A ( 8 1 9 )  Z P R D 0 0 2 0  
E Q l J I V A L E N C E  ( N O L I T  r C M H ( 1 8 3 ) ) , ( N S E T S  , C M B ( 2 2 1 ) ) , ( O B L A T  r C M A ( 7 8 0 ) )  Z P K D 0 0 2 1  
E O I J I V A L E N C E  ( P A  r C M A ( e 0 6 ) ) r ( P R O P  , C M A ( 8 4 9 ) ) r ( Q V A L  , C M A ( R 0 8 ) )  Z P R D 0 0 2 2  
E O l J I V A L E N C E  ( R E S E R V r C M A ( 8 h 2 ) ) , ( T H  , C M A ( 8 2 5 ) ) , ( T B O r ~ S T , C M A ( 7 4 5 ) )  Z P R D 0 0 2 3  
E O L J I V A L E N C E  ( T H R I I S T , C M A ( 8 3 1 ) ) r ( V N A C H  , C M A ( R l l I ) , ( W P M A X  Y C M A ( R 5 5 ) )  Z P R D 0 0 2 4  
E0tJ I V A L  FI’JC E Z P R D O O 2 5  
I I A T A  Z P R D 0 0 2 6  
l H E T A / O . O / ,  Z P R D 0 0 2 7  
Z P R D 0 0 2 8  
l C D / O . O /  * Z P R D 0 0 2 9  
l(CUMPA(J),J=1,3)/3*O.O/, Z P R D 0 0 3 0  
1 D E L  T b  V /  0 0 / 7 Z P R D 0 0 3 1  
l ( D R A G  (J) ,J=1,3) /3*0.0/ ,  Z P R D 0 0 3 2  
l D R ( l P / O . O / r  Z P R D O 0  3 3 
1 ENERGY/O.O/  Z P R D 0 0 3 4  
l ( E X 1 T S  (J) , .J=1,5) /5*0.0/ ,  Z P R D 0 0 3 5  
l ( F L 0 M X  ( J ) , J = l , h ) / b * O . O / ,  Z P R D 0 0 3 6  1 
( WT F LOW 7 C k A  ( 733  1 ) ( X I N P  T 9 CMA ( 6 0  1 ) 1 
l C A P P A / O . O /  
136 
Z P R O 0 0 3 7  
Z P R D 0 0 3 F  
Z P R D 0 0 3 S  
Z P R D O O 4 C  
Z P R D 0 0 4 1  
Z P R D 0 0 4 2  
Z P R  D O 0 4 3  
Z P R D 0 0 4 4  
Z P U  D O 0 4 5  
Z P R 0 0 0 4 6  
Z P R D 0 0 4 7  
Z P R D 0 0 4 8  
Z PR D O 0 4 9  
Z P R D 0 0 5 0  
Z P R D 0 0 5  1 
Z P R D 0 0 5 2  
Z P K D O O 5 3  
Z P R D 0 0 5 4  
Z P R D O 0 5 5  
Z P R D 0 0 5 6  
Z P R D 0 0 5 7  
Z P R 0 0 0 5 8  
Z P R D 0 0 5 9  
Z P R D O O 6 O  
Z P R D 0 0 6 1  
1 



















S U H R I I I I T I N E  P t R T H  C O M P U T E S  T H E  P f K T I J R H A T I ( 1 N  S I Z E  R f B I J I R ~ I )  
T I 1  O B T A I N  M E A N I N G F I I L  F I N I T E  I I I F F E R F N C E S  F O R  l JSE I N  T H E  
I T E R A T I I I N  SCHEME. 
I F  A S E T  OF P E K T \ J K H A T I U h ! S  H A S  H E E N  R t J N T  T H E  P E R T O R H A T I O N  
S I Z E  FOR T H E  [NEXT S E T  O F  P E K T I J K H A ' r I I 1 N S  I S  AI )J I JSTED S U C H  T H A T  
T H E  D I F F E R E N C E  I N I I I C A T O K  ( C I I M P U l E D  I N  T H E  S A M E  M A N N E R  A S  T H E  
ERROR I N I I I C A T U K  I N  M A I N )  I S  V O M I N A L L Y  EOIJAL  T O  1.0f-04 ANI> 
I S  A C C E P T A H L E  I F  I T  I S  B E T W E E N  5 .OE-04  A N D  5 . 0 E - 0 5 .  
R A D I O S ) / R A I ) I I l S  I S  T R E A T E I )  I N  T H E  S A M E  MANNER A S  T H E  D I F F E R E N C E  
I )  x P E R T O R B A T I O N  F A C T O R  ( S E E  M A I N )  
IF NO S E T  OF P E R T U R B A T I O N S  IS A V A I L A B L E ,  ( C H A N G E  IhI T H E  
I N D I C A T O R  A S  D E S C R I H E I )  A B O V E .  
I C H E C K  F L A G  I N D I C A T I N G  A C C E P T A R I L I T Y  O F  P E K T ( J R H A T I 0 N .  
COMMON / C S T A R /  C N A  ( 1000 C M B  ( 1000 
C I lMMON / P ER 8 / N A  AI , S F ( 5 ) T C O O N T  R S T O  
I11 MENS I O N  F Y  ( 6  9 6  I T X I N P T  (LOO 1 
E O U I V A L E N C E  ( F Y  ,CMA ( 9 4 3 )  t ( R  T C M A ( 4 0 2  ) ( X I N P T  , C M A ( h O l )  
I N T E G E R  C O l J N T  
IF CCIUNT E O l J A L S  ZERO, N O  P E R T U R B A T I O N  S E T  I S  A V A I L A B L E  
I F ( C O U N T . E Q . 0 )  GO TC) 2 
0 I F R  AD=O. 0 
C 
C C O M P O T E  D I F F E R E N C E  I N D I C A T O R  A S  I N  M A I M  
DO 1 J = I r N A  
I) I F R AD= 0 I F R A l l +  ( ( F Y ( N 1 J -F Y ( 1 t J 1 1 * S F ( J %k* 2 
D I F R A D = S O R T  ( O I F R A D )  / X I N P T  ( 1 )  
G O  T O  3 
C 
C COMPLJTE I N O I C A T O R  B A S E D  O N  R A D I U S  C H A N G E  
2 D I  F R A D = A B S  ( ( R -RSTL I  / R S T O  ) 
3 I F ( I C H E C K . N E . 0 )  G O  TO 4 
C 
C L I N E A R  I N T E R P O L A T I U N  TO A D J U S T  P E R T O R H A T I O N  F A C T O R  
D X = D X / I ) I  F R A D s l  . O E - 0 4  
C C H E C K  A C C E P T A R I L I T Y  O F  P E R T U R B A T I D N  S I Z E  
C 
C 
C Q U A D R A T I C  I N T E R P O L A T I O N  T O  A D J U S T  P E R T I J R B A T I C I N  F A C T U R  
4 I F ( ( D I F R A D . L T . 5 . 0 E - 4 . A ~ D . D I F R A D . 6 I . 5 . 0 E - 5 ) . ~ l R . I C H ~ C K . E ~ . 4 )  GO T f l  
I F ( I C H F C K . E O . 0 )  GO TO 5 
D X = (  ~ D X ~ D I F S T O - U I F R A D * D X S T O ~ ~ l . O E - O 4 + ~ 0 I F R A D ~ ~ 2 * l ~ X S l ~ O - 0 I F S T C l * ~ 2  
1 ~ D X ) ) ~ 1 . O E - O 4 / ( D I F R A D a D I F S T O = ( D I F R A n - D I F S T O ~ ~  
C 
C S T O R E  I N F O K M A T I O N  FOR Q U A D R A T I C  I N T E R P U L A T I O N  
5 D X S T O = D X  
D I F S T O =  0 I F R A D  
I C H E C K = I C H E C K + l  
L 
R E T U R N  
L 
C 1F P E R T U R B A T I O N  S I Z E  I S  A C C E P T A B L E ,  S E T  I C H E C K  T U  Z E R O  
C A N D  RETIJRN. 
C 
h I C H E C K = O  
R E T U R N  
END 
Z P E R 0 0 0 1  
Z P E R 0 0 0 2  
Z P F R 0 0 0 3  
Z P E R 0 0 0 4  
Z P E R 0 0 0 5  
Z P E R 0 0 0 6  
Z P E R 0 0 0 7  
Z P E K 0 0 0 8  
Z P E R 0 0 0 9  
Z P E R O O l O  
Z P E K O O  11 
Z P E R 0 0  12 
Z P E R O O  13  
Z P E R 0 0 1 4  
Z P E R 0 0 1 5  
Z P E R O O l h  
Z P E R 0 0 1 7  
Z P E K O O  18 
Z P E K 0 0 1 9  
Z P E R 0 0 2 0  
Z P E R 0 0 2 1  
Z P E R 0 0 2 2  
Z P E R 0 0 2 3  
Z P E R 0 0 2 4  
Z P E R 0 0 2 5  
Z P E R 0 0 2 6  
Z P E R 0 0 2 7  
Z P E R 0 0 2 8  
Z P E R 0 0 2 9  
Z P E R 0 0 3 0  
Z P E R 0 0 3 1  
Z P E R 0 0 3 2  
Z P E K 0 0 3 3  
Z P E R 0 0 3 4  
Z P E R 0 0 3 5  
Z P E R 0 0 3 6  
Z P E R 0 0 3 7  
Z P E R 0 0 3 8  
Z P E R 0 0 3 9  
Z P E R 0 040 
6 Z P E R 0 0 4 1  
Z P E R 0 0 4 2  
Z P E R 0 0 4 3  
Z P E K 0 0 4 4  
Z P E R 0 0 4 5  
Z P ER 0046 
Z P E R 0 0 4 7  
Z P E R 0 0 4 8  
Z P E R 0 0 4 9  
Z P E R 0 0 5 0  
Z P E R 0 0 5 1  
Z P E R 0 0 5 2  
Z P E R 0 0 5 3  
Z P E R 0 0 5 4  
Z P E R 0 0 5 5  
Z P E R 0 0 5 h  
Z P E R 0 0 5 7  
Z P E R 0 0 5 8  
Z P E R 0 0 5 9  
Z PER 0060 
Z P E R 0 0 6 1  
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F I J N C T I O N  O U A D  ( X 9 I C )  
C 
C F I J N C T I O N  OIJAD C O M P I J T E S  A N Y  V A R I A B L E 9  OIJADI A S  A O I J A O R A T I C  
C F I J N C T I C I N  O F  X. QlJAD = A + B X  +CXX. T H E R E  M A Y  BF  S E V E R A L  
C R E G I O N  O F  X. T H E  C O F F N  A R R A Y  I S  A R R A N G E D  A S -  
C S E T S  O F  C O E F F I C I t N T S 9  E A C H  S E T  B E L O N G I N G  T O  A P A R T I C L I L A R  
C X L =  A 1 7  B I T  C l r  X 2 9  A 2 7  H ? r  C 2 9  X 3 9  A 3 9  B 3 7  c 3 7  X49.e.  
C W H F K F  P l 9  I 3 1 9  C 1  A R E  T H E  C O F F F I C I E N T S  T O  H E  U S E D  F O R  X 
c R E T W E E N  X 1  AND X 2 7  F T C .  A N D  X 1  I S  L E S S  T H A N  X 2 7  X 2  I S  L E S S  
c 7 H A N  X 3 ,  X 3  I S  L E S S  T H A N  X 4 9  ETC.  
c I C  I D E N T I F I F S  W H I C H  D E P E N D t N T  V A R I A B L E  I S  B E I N G  
C SOI IGHT.  ICC(IC) D E F I N E  T H E  S T A R T I N G  L T ) C A T I O N S  I N  T H E  C O I - F N  
C A R R A Y  FOR V A R I A B L E  X. 
C 
COMMON / C S T A R /  C M A (  1000)9CMB(lOG0) 
D I I ” l k N S I O I \ I  C O E F N  ( 5 0 0  )TILL ( 2 0  ) 
E Q U I V A L E M C E  ( C I I E F N  7 C M B ( 5 0 1 ) )  9 ( I C C  , C H H ( 2 0 1 )  1 
I = I C C (  I C )  
C 
1 I F ( X - C l l F F N (  1 ) )  2 ,393 
2 I = I - 4  
G n  T U  1 
3 I F ( X - C O F F N (  I + 4 ) )  5 9 5 7 4  
4 I = I + 4  
GO T(J 3 
5 Q U A D  = C O € F N ( I + l ) + X = ( C O E F N ( I + 2 ) + X ~ C O ~ F ~ ~ ~ 1 + 3 ) )  
I C C (  I C ) = I  
R E T (1 R N 
E N D  
Z O U A O O O l  
Z O U A 0 0 0 2  
Z O U A 0 0 0 3  
Z O U A 0 0 0 4  
Z O U A 0 0 0 5  
Z O U A 0 0 0 6  
Z O U A 0 0 0 7  
ZQUAOOOR 
Z O U A 0 0 0 9  
Z Q U A 0 0 1 0 
Z O U A O O l l  
Z 4 1 J A O 0 1 2  
Z O U A 0 0 1 3  
Z Q U A 0 0 1 4  
Z O t J A 0 0 1 5  
Z D U A O O l h  
Z O U A 0 0 1 7  
Z O U A O O l R  
Z O U A O O  19 
Z O U A O O 2 O  
Z Q U A O O 2  1 
Z O U  A 0 0 2  2 
Z O U A 0 0 2 3  
Z O ( J A 0 0 2 4  
Z O U A 0 0 2 5  
Z O I J A 0 0 2 6  
Z O l J A 0 0 2 7  
Z O U A O O Z R  
































SIJHRI)IJ r I N E  K E N I I E R  ( N  
S I J H R O U T I N E  R E N D F R  C O N T A I N S  T H E  C A L L I N G  S F O l J E N C E S  F O R  
T H E  R O U T I N E S  W H I C H  R E A D  A N D  PIJNCH H I N A R Y  D A T A .  
I F  N I S  E O l J A L  T O  ONE, B I N A R Y  D A T A  I S  P R F S E N T  A N D  MIJST R E  
READ.  I F  N I S  TWO, A NEW B I I O S T F R  T A H L E  I S  T O  R E  G E N E R A T F D .  
C O M M O N / A T A B L E / C M E  ( 8 0 0 0  
COHMON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M H ( 1 0 0 0 )  
D I M E N S I O N  F I R S T  ( 2 8  I r F O U R T H ( 7 5 0 0  ) , S E C O h D ( 2  1 
I ) I H E N S I O N  T H I R D  ( 3 0 0  1 
E D U I V A L E N C E  ( F I R S T  ~ C M E ~ 0 0 1 ~ ~ r ~ F O U R T H r C ~ 1 ~ ~ 5 0 1 ~ ~ ~ ~ 1 K C K S T ~ C M B ~ 0 6 ~ ~ ~  
E Q U I V A L E N C E  ( I K I C K  r C M E ( 2 O O ) ) r ( M V A R  r C M B ( 0 7 3 ) ) , ( S E C O N D , C ~ l E ( l 9 9 ) )  
E O I J I V A L E N C E  ( T H I R D  9 C b l E t 2 0 1 )  1 
I F ( N . E Q . 2 )  GO T(1 2 
R I N A R Y  R E A D  P O R T I O N  
R E A I )  V E R T I C A L  K I C K  O A T 4  
R E A D  ( 5 9 1 )  F I R S T ( 1 )  
C A L L  H C R E A D  ( F I R S T ( l ) , F I R S T ( Z R ) )  
R E A 0  D E L T K  ( K I C K  A N G L E  S P A C I N G )  A N D  I K I C K  ( N I I M R E R  OF K I C K  A N G L E S )  
1 F O R M A T  ( A h )  
C A L L  B C R E A D  ( S E C O N D (  1)  , S E C O N D (  2 ) )  
R E A D  L I S T  O F  K I C K  A N G L E S  I N  T A H L E  
I K C K S T  = I K I C K  
K = 3 * I K I C K  
L = 2 5 * N V A R + I K I C K  
C A L L  B C K E A D  ( T H I R D ( l ) r T H I R D ( K ) )  
R E A D  R O O S T E R  H U Q N O I J T  C O N D I T I O N S  
C A L L  R C R E A D  ( F O U R T H (  1 )  r F C I l U R T H ( L ) )  
R E T lJRN 
B I N A R Y  W R I T E  P O R T I O N  
I F  I K I C K  E O U A L S  I K C K S T ,  T H E N  N O  NEW K I C K  A N G L E S  H A V E  H E F N  
RLJN T O  A D D  T O  T H E  T A B L E .  
2 I F  ( I K I C K  .EO. I K C K S T )  R F T l l R h l  
I F  I K C K S T  I S  E O I J A L  T O  ZFRO,  A NEW B O O S T E R  H A S  B E E N  R U N  
A N D  T H E  V E R T I C A L  R I S E  D A T A  MIJST H E  PtJNCHED. 
I F ( I K C K S T . N F . 0 )  GO T O  4 
W R I T E  ( 6 9 3 )  
C A L L  B C D U M P  ( F I R S T ( l ) , F I R S T ( 2 8 ) )  
3 F O R M A T (  3 2 H 6 D I J M M Y  C A R D  I N D I C A T I N G  NEW T A H L E , 4 0 X , A H  DtJMMY 
4 I K C K S T  = I K I C K  
P U N C H  D E L T K  A N D  I K I C K  
C A L L  H C D U M P  ( S E C O N D ( l ) , S E C O N D ( 2 ) )  
P U N C H  L I S T  OF K I C K  A N G L E S  
ZRNDOOO 1 
Z R N D 0 0 0 2  
Z R N D 0 0 0 3  
Z R N DO 0 04 
2 R NDOOO 5 
Z R N D O O O 6  
Z R N D 0 0 0 7  
Z R N D 0 0 0 8  
Z R N D 0 0 0 9  
Z R 1\1 D O 0  1 0 
Z R N D 0 0 1 1  
Z R N D 0 0 1 2  
ZRNDOO 13 
ZRNDOO 14 
Z R N D 0 0 1 5  
Z R NDOO 1 h 
Z R N D 0 0 1 7  
Z R N D O O l 8  
Z RNDOO 19 
Z R N D 0 0 2 0  
Z R N D 0 0 2 1  
Z K N D 0 0 2 2  
Z R N D 0 0 2 3  
Z R N D 0 0 2 4  
Z R N D 0 0 2 5  
Z R N 0 0 0 2 h  
Z R N D O 0  2 7 
Z R N D 0 0 2 8  
Z R N D 0 0 2 9  
Z R N D 0 0 3 0  
Z R N 0 0 0 3 1  
Z R N D 0 0 3 2  
Z R N D 0 0 3  3 
Z R N D 0 0 3 4  
Z R N D 0 0 3 5  
Z R N D 0 0 3 6  
Z R N D 0 0 3 7  
Z R N DO 0 3 8 
Z R N D 0 0 3 9  
Z R N DO 040 
Z R N D 0 0 4 1  
Z R N DO 04 2 
Z R N D 0 0 4 3  
Z R N D 0 0 4 4  
Z R N D 0 0 4 5  
Z R N D 0 0 4 6  
Z R N D 0 0 4 7  
Z R N D 0 0 4 8  
Z R N D 0 0 4 9  
Z R N D 0 0 5 0  
Z R N D 0 0 5 1  
Z R N D 0 0 5 2  
Z R N D 0 0 5 3  
Z R N D 0 0 5 4  
Z R N D 0 0 5 5  
Z R N D O 0  5 6 
139 
K = 3 * I K I C K  
L = 2 5 * N V A R * I K I C K  
C A L L  RCDLIMP ( T H I R D (  1)  * T H I R D ( K )  1 
c, 
C PIJNCH H O O S T t R  B U R N O U T  C O N 0 I T I O N S  
C A L L  BCDUMP ( F U U R T ~ ( l ) , F U I J R T H ( L )  1 
4 E TlJRN 
END 
Z R N D 0 0 5 7  
Z R I\] D O 0  5 8 
Z R N D 0 0 5 9  
Z R td DO 0 6 0 
Z R N D O O 6 l  
Z R N 0 0 0 6 2  
Z R NDOO 6 3  
Z R N D 0 0 6 4  
Z K N D 0 0 6 5  
140 
P 
SIJRR(1 IJT INE RlJl’JGEK ( E O U A T E r O I J T P I J T )  Z R U N O O O l  
C Z R I J N 0 0 0 2  
C S U R R O I J T I N E  R U N G E K  C O N T R O L S  T F E  I N T E G K A T I f . ) N  SCHEME. Z R l J N 0 0 0 3  
C Z R I J N 0 0 0 4  
COiqM(1N /R!JNG/KI !N(  1 2 5 )  Z R O N 0 0 0 5  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) , C M k 3 ( 1 0 0 0 )  Z R lJ N O 0 0 6  
D I M E N S I O N  A K  ( 3  1 ,AW ( 4  1 ,ULDII \ IC( 100 1 Z R I J N 0 0 0 7  
D I M E N S I O N  X (100 ) , X D O T  (100 ) * X D O T P M ( 1 0 0 , 2  1 ZRUNOOOH 
D I M E N S I O N  X I N C  (100 ) r X K  ( 100 ) , % P R I M  (10012  1 Z R U N O  00 9 
E O U I V A L E N C E  ( A 1  , R l J N ( l O l ) ) r ( A 2  , R l J N ( 1 0 2 ) ) , ( D E L M A X , C M A ( 7 0 2 )  1 Z R l J N 0 0 1 0  
E O I J I V A L E N C E  ( D E L S T O , R I J N ( 1 0 4 )  ) , ( D E L T  , C M A ( 7 0 1 ) ) , ( D E L l  , R I J N ( 1 0 3 ) )  Z R U N O O l l  
E O I J I V A L E N C E  ( E R L I M T y C M A ( 7 0 h ) ) , ( F R L O G  r C M A ( 7 0 7 ) ) , ( F 2  , R U N (  1 0 5 ) )  Z R I J N 0 0 1 2  
E O I J I V A L E N C E  ( H 2  , R U N (  106) 1 ,  ( I , R I J N ( 1 0 7 ) ) , ( L A S T  , C M A ( 7 1 1 ) )  Z R U N 0 0 1 3  
E O U I V A L E N C E  ( M O D O I J T , C M A ( 7 1 4 )  I , ( M O D S  r C M A ( 7 l i l )  ) , ( N E 0  y C M A ( 7 0 9 ) )  Z R l J N 0 0 1 4  
E O U I V A L E N C E  ( N S T  , C M A ( 7 0 8 ) ) , ( N S T A ~ E , C M A ( 7 l O ) ) , ( N S T A ~ l , R l l N ( l l 5 ) )  Z R U N 0 0 1 5  
E O I J I V A L E N C E  ( N S T E P l ~ Q I I N ( 1 O R ) )  ~ ( ~ ! S T E P 2 ~ R I I N ( 1 0 9 )  1 r ( M S T E P 3 , R l J N (  110) 1 Z R l l N O 0 1 h  
E Q I J I V A L E N C E  ( R 4 T  IO y R I J N (  11 1 )  1 ,  ( S C K  I B E , R I l N (  114)  ) ( S T E P G O ,  R U N  ( 11 2 1 1 Z R l J N 0 0 1 7  
E O t J I V A L E N C E  ( S T E P M X V C M A ( 7 0 4 ) )  , ( S T E P N C , R t J N ( 1 1 3 )  ) , ( S T E P S  , C M A ( 7 0 4 )  Z R l J N O O l R  
E O I J I V A L E N C E  ( T M I N  , C M A (  7 0 3 )  ) , ( X  r C M A ( 4 0 1 ) ) y ( X D O T  , C M A ( 5 0 1 ) )  Z R l J N O O l 9  
E O I J I V A L F N C E  ( X I N C  , R I J N ( O O l ) ) , ( X P R I M  r C M A ( O O 1 ) )  Z R U N 0 0 2 0  
3OlJRLE P R E C I S I O N  X P R I M  Z R U Y O O 2  1 
I N T E G E R  S T E P G O , S T E P N O I S C R I R E , S T F P S I S T E P M X ~ F U I L  Z R U N O O 2 2  
D A T A  F A I L / ( ) /  Z R I J N 0 0 2 3  
1,.333333333,.166666666/ Z R U N 0 0 2  5 
E X  T ER N A L  O U T  PClT Z K I J N O O Z h  
C Z R U N 0 0 2 7  
C Z R U N 0 0 2  8 
C Z K U N 0 0 2 9  
C I N I T I A L I Z A T I O N S  Z R U N 0 0 3 0  
N S T A G l = N S T A G E  Z R U N O 0  3 1 
S T E P G O  = 0 Z R U N 0 0  32 
S T E P N U = O  Z R O N 0 0 3 3  
S C R I B E  = 1 Z R U N 0 0 3 4  
N S T E  P 1 = 1 Z R U N 0 0 3 5  
N S T  E P 2  =2 Z R U N 0 0 3 h  
N S T E P 3 = 2  Z R U N O 0 3 7  
D E  L S T C1 =O . 0 Z R U N 0 0 3 8  
DEL l = D E L M A X  Z R U N O 0 3 9  
C Z R U N 0 0 4 0  
C P A R T  1. S E T  IJP T H E  S T A R T I N G  S E O t I E N C E  F O R  ERROR C O N T R O L  A N D  D E L A Y  Z R U N 0 0 4 1  
C C H E C K I N G  T H E  ERROR U N T I L  TWO S T E P S  A R E  C O M P L E T E D .  T H E  A S S I G N E D  6 0 Z R U N 0 0 4 2  
C T O S  N S T A R T  AND I R E G I M  C r l N T R O L  S T A R T I N G .  Z R U N 0 0 4 3  
1 1=1 Z R U N 0 0 4 4  
2 H2 = D E L T  Z R lJNO 04 5 
3 DO 4 J z N S T v N E Q  Z R U M 0 0 4 h  
X P R I M ( J y 2 ) = X P R I M ( J , l )  Z R U N O 0 4 7  
4 X ( J ) = S N G L ( X P R I M ( J , l ) )  Z R U N 0 0 4 8  
N S T A R T  = 0 Z R I J N 0 0 4 9  
D E L T  = D E L T / 2 .  Z R U N 0 0 5 0  
C A L L  E Q U A T E  Z R U N 0 0 5 1  
C A L L  C O A S T  Z R U N 0 0 5 2  
MO DOUT=MODOUT Z R U N  0 0 5 3 
GO TO ( 5 9 5 , 5 9 6 9 6 9 7 ) r M O D O U T  Z R 0 M 0 0 5 4 
5 N S T E P 2 = 1  Z R U N 0 0 5  5 
h T F ( S T E P G O * S C R I B E . N E . O  I GO T O  7 Z R l J N 0 0 5 6  
D A T A ~ A K ~ I ~ ~ I ~ 1 ~ 3 ~ / 0 ~ 5 1 0 . 5 r l . O / t o r T ~ l ~ 4 ~ / ~ l h 6 h 6 6 h ~ h ~ ~ 3 3 3 3 ~ 3 3 3 3 Z R l J N ~ O 2 4  
141 
C A L L  UIJTPIJT ( 1) Z R U N 0 0 5 7  
S C R I H E  = 1 Z R U N 0 0 5 8  
7 A S S I G N  18  T O  N S T A R T  Z R U N 0 0 5 9  
DO 8 J z N S T T N E O  Z R U N O O 6 O  
X D O T P M (  J 1) = XI )OT(  J 1 Z R U N O O 6  1 
X I N C ( J )  = 0. Z R U N 0 0 6 2  
8 C O N T I N U E  Z R U N 0 0 6 3  
9 K S U H  = 1 Z R U N 0 0 6 4  
A S S I G N  1 3  T O  N Z R U N O O 6 5  
C Z R U N 0 0 6 6  
C P A R T  2. R I J N G E - K U T T A  S I J H I N T E R V A L  SCHEME. E O I I A T E  P R O D l J C E S  T H E  Z R U N 0 0 6 7  
C N E C E S S A R Y  D E R I V A T I V E S  X D O T ( J 1 .  Z R U N 0 0 6 8  
Z R U N 0 0 6 9  
X K ( J )  = X D O T ( J )  * D E L T  Z R U N 0 0 7 0  
X I N C ( J )  = X I N C ( J )  + A W ( K S I J H ) * X K ( J )  Z R U N 0 0 7  1 
11 X ( J )  = S N G L ( X P R I M ( J T ~ ) ) + A K ( K S U B ) * X K ( J )  Z R U N 0 0 7 2  
1 2  C A L L  E o l J A T E  Z R U N 0 0 7  3 
Go T O  N r ( 1 3 r 1 4 r 1 5 ~ 1 7 )  Z R U N 0 0 7 4  
C Z R U N O 0 7  5 
C P A R T  3. S U B I N T E R V A L S  2, 3 9  A N D  4 9  T O  S T A T E M E N T  16 F I N I S H  A Z R U N 0 0 7 h  
R I J N G E - K I J T T A  S T E P  A N D  I N C R E M t N T  X P R I M ( J 9 2 )  I N  D O U B L E  P R f C I S I O l ’ J ,  Z R U N 0 0 7 7  C 
13 KSIJR = 2 Z R U N 0 0 7 8  
A S S I G N  14 T O  N Z R U N 0 0 7 9  
GO T O  10 Z R U N 0 0 8 0  
14 K S I J B  = 3 Z R U N 0 0 8 1  
A S S I G N  15 T O  hl Z R U N 0 0 8 2  
GO T U  10 Z R U N 0 0 8 3  
1 5  D O  16 J= N S T r N E O  Z R U N O O R 4  
X I N C ( J )  = X I N C ( J )  + A W ( 4 )  * X O O T ( J )  * D E L T  Z R U N 0 0 8 5  
X P R I M ( J T ~ ) = X P R I M ( J , ~ ) + O B L F ( X I N C ( J ) )  Z R U N 0 0 8 6  
X ( J )  = S N G L ( X P R I M ( J ~ 2 ) )  Z R U N 0 0 8 7  
16 C O N T I N I J E  ZRUNOOAR 
C Z R U N 0 0 8 9  
C P A R T  4. B E G I N  A NEW RIJNGA-KIJTTA S T E P ,  T H I S  A L S O  G I V E S  D E R I V A T I V E S Z R U N 0 0 9 0  
C F O R  T H E  LOWER ORDER I N T E G R A T I C I N  C H E C K .  Z R U N 0 0 9 1  
A S S I G N  17 T O  N Z K U N 0 0 9 2  
GI1 T O  12  Z R U N 0 0 9 3  
17 GI3 T f l  N S T A R T , ( 2 4 r 2 0 ~ 1 8 )  Z R U N 0 0 9 4  
C Z R U N O 0 9  5 
C P A R T  5, S T A R T I N G  P H A S E  PROGRAM. Z R U N 0 0 9 6  
C P A R T  5 A .  T H I S  S E C T I O N  C O M P L E T E S  T H E  F I R S T  S T E P  OF S T A R T I N G  P H A S E .  Z R U N 0 0 9 7  
18 ASSIGN 2 0  T O  N S T A K T  Z R I J N 0 0 9 8  
DFJ 19 J = N S T t N E O  Z R U N O 0 9 9  
O L D I N C  ( J  )=XING( J 1 Z R U N O l O O  
X I N C ( J ) = O .  Z K U N O  10 1 
X D O T P M ( J t 2 )  = X D O T ( J )  Z R U N O  102 
19 C O N T I Y I I E  Z R U N O  103 
GO T O  9 Z R U N O 1 0 4  
C Z R U N 0 1 0 5  
C P A R T  5H. M A X  ERROR T E S T - - S T A R T I N G  O N L Y - - C H E C K  T H E  MAX ERROR A N D  Z R U N O l O h  
C E I T H E R  E N T E R  R U N N I N G  MODE OR R E P E A T  S T A R T  W I T H  S M A L L E R  S T E P .  Z R U N 0 1 0 7  
2 0  G O  T O  ( 2 1 , 2 9 7 2 9 r 2 9 ) r I  Z K U N O  108 
2 1  Dl1 2 2  .I = N S T r N E O  Z R U N O l O 9  
2 2  X I N C ( J )  = ( X I N C ( J ) + O L D I N C ( J )  ) * 3 . - ( X D O T P M ( J r l ) + X D O T P M ( J I Z ) = 4 .  Z R U N O l l O  
ZRIJNOL 11 
C A L L  ERRI1RZ Z R U N O l l 2  
I F  ( E ? - F R L  I M T  1 2 3 , 2 3 1  3 3  Z R U N O  11 3 
2 3  A S S I G N  2 4  T O  N S T A R T  Z R U N O 1 1 4  
A S S I G N  9 T I 1  I B E G I M  Z R I J N O 1 1 5  
A 1  = A 2  Z R U N 0 1 1 6  
10 DO 11 J = N S T i N E O  
l + X O O T  ( J ) 1 ::DEL T 
142 
GO T O  2 9  
C 
C P A R T  60 R U N N I N G  P H A S E  PROGRAM. 
C P A R T  6 A .  C H E C K  T H E  I N T E G R A T I O N  BY I N T E G R A T I N G  O V E R  T H E  L A S T  
C R U N G E  K I J T T A  S T E P  B U T  U S E  D O T S  FOR L A S T  TWO I N T E R V A L S 9  O L D D E L  
C A N D  D E L T  R E S P E C T I V E L Y .  S T A T E M E N T  26  I S  T H E  LOWER I N T E G R A T I O N  
c M I N U S  R I J N G E - K U T T A  I N C K E M t N T S .  E R R O R Z  C O M P U T E S  T H E  M A X I M U M  
C R E L A T I V E  ERROR A N D  S T A G E M E N T  27 T E S T S  T H I S  ERROR A G A I N S T  T H E  
C L I M I T  V A L U E .  
2 4  G O  T O  ( 2 5 9 2 8 r 2 8 ~ 3 0 ) ~ I  
H F A C T = D E L T / ( l , + R A T I O )  
2 5  R A T I O  = D E L T / O L D D E L  
A C O E F l = - R A T I O * R A T I O * H F A C T  
ACOEF2=RATIO* (UELT+3 . *OLDDEL)  
A C O E F 3 = D E L T + D E L T + H F A C T  
D O  26  J z N S T T N E Q  
26  X I N C ( J )  = A C O E F ~ * X D O T P M ( J T ~ ) + A C O E F Z * X D O T P M ( J T ~ ) - ~ . * X I N C ( J )  


























C A L L  E R R O R Z  
I F  ( E 2 - E R L I M T )  2 8 ~ 2 8 9 3 4  
P A R T  7. L A S T  P O I N T  OKAY.  A D V A N C E  T H E  R E M A I N I N G  P A R A M E T E R S T  F I N D  
NEW S T E P  S I Z E .  
H2 = D E L T  
O L D D E L  = D E L T  
C A L L  S T E P  ( O U T P U T )  
I f  ( D E L T  1 3 1  t 42 9 3 1  
D O  32 J = N S T T N E O  
X D O T P M ( J T ~ )  = X D O T P M ( J 9 2 )  
X D O T P M ( J 9 2 )  = X D O T ( J 1  
X P R I M ( J T L ) = X P R I M ( J T Z )  
X I N C ( J )  = 0.  
C O N T I N U E  
GO T O  ( 9 7 9 T 3 9 l ) l I  
P A R T  A. C O M E S  H E R E  WHEN ERROR r E S T  F A I L E D - - B O T H  S T A R T I N G  A N D  RUN. 
I F  TWO C O N S E C U T I V E  T R Y S  F A I L  ( S T A T F M E N T  3 6 )  T H E  S T A R T I N G  S E O I J E N C E  
OCCIJRS . 
A S S I G N  2 T O  I B E G I N  
R E T R I E V E  O L D  P O I N T  A N D  R E C O M P U T E  W I T H  S M A L L E R  I N T E R V A L .  
DO 35  J = N S T T N E Q  
X P R I M ( J T ~ )  = X P R I M ( J T L )  
X D O T ( J ) = X D O T P M ( J T ~ )  
X I N C  ( J  ) =  0 
C O N T  I N U E  
S T E P N O  = S T E P N O  + 1 
H2 = D E L T  
A 2  = A 1  
F A I L  = S T E P G O  
A S S I G N  2 T O  I B E G I N  
D E L T = S I G N  ( E X P  ( I E R L O G - A ~ ) / ~ . ) T D E L T )  
I F  ( F A I L - S T E P G O )  37738937 
GO T O  I R E G I N 7  ( 9 7 2 )  
I F ( S T E P N O + S T E P G O - S T E P M X ) ~ ~ T ~ ~ T ~ ~  
GO T O  I B E G I N T  ( 9 9 2 )  
W R I T E  ( 6 9 4 1 )  
F O R M A T ( l X 9 2 O H S T E P N O + S T E P G O = S T E P M X )  
R E T l J R N  
E N D  
C A L L  O U T P U T ( 1 )  
ZRIJNO 11 7 
Z R U N 0 1 1 8  
Z R U N O  119 
Z R l J N O 1 2 0  
Z R U N O  12 1 
Z RlJNO 1 2  2 
ZRlJNO 1 2  3 
Z RIJNO 1 24 
Z R U N O  12 5 
Z R U N O l 2 6  
Z R U N O  12 7 
Z R U N O  128 
Z R U N O  129 
Z R U N D 1 3 0  
Z R U N O  13 1 
Z R U N O  132 
Z R U N O l 3 3  
Z R U N 0 1 3 4  
Z R U N O  135  
Z R U N 0 1  36 
Z R U N 0 1 3 7  
Z R U N 0 1 3 8  
Z R U N O l 3 9  
ZRlJNO 140 
Z R UNO 14 1 
Z R U N 0 1 4 2  
Z R UNO 143 
Z R U N 0 1 4 4  
Z R UNO 145 
Z R U N 0 1 4 6  
Z R U N O  147 
Z R U N 0 1 4 8  
ZRIJNO 149 
Z R U N O l 5 0  
Z R U N O  1 5 1  
Z R U N O l 5 2  
Z R U N O l 5 3  
Z R I J N 0 1 5 4  
Z R U N O  155 
Z R lJNO 1 56 
Z R U N O  1 5 7  
Z R U N O l 5 8  
Z R UNO 159 
Z R U N 0  160 
ZRIJNO 161 
Z R U N 0 1 6 2  
Z R U N O l 6 3  
Z R U N O  164 
Z R U N 0 1 6 5  
Z R U N O l 6 6  
Z R U N 0 1 6 7  
Z R U N O  168 
ZRIJNO 169 
Z R U N 0 1 7 0  
ZRIJNO 17 1 
Z R U N O  172 
Z R U N 0 1 7 3  
Z K U N 0 1 7 4  
Z R U N 0 1 7 5  
Z R I J N 0 1 7 6  
143 
F l l N C T I O N  S A D D A ( N 9 M )  
C 
C S U B R O l J T I N E  S A D O A  StJMS U P  T H E  D I F F E R E N C E  ( S ( J ~ ~ ) - S ( J T ~ ) )  
C FOR P H A S E S  N THROlJGH M. 
C 
COMNON / C S T A R /  C M A ( 1 0 0 0 ) ~ C M R ( 1 0 0 0 )  
D I M E N S I O N  S ( 6  9 2  
E Q U I V A L E N C E  ( S  T C M B ( O ~ ~ )  1 
SADDA=O.O 
I F ( N . G T  . M 1 R E T  IJRN 
00 1 J = NIM 
1 S A D D A = S A D D A + S ( J T ? ) - S ( J T ~ )  
R E T t I R N  
E N D  
F U N C T I O N  S A D D H ( I ~ N T M )  
c 
C S t J R R O t J T I N E  S A D D H  StIMS IJP T H E  S ( J T  I S F O R  P H A S E S  N 
C T H R O O G H  M. 
COMMON / C S T A R /  C M A (  1000) t C M H  (1000)  
D I M t N S I O N  S ( 6  1 2  ) 
E O I I I V A L E N C E  ( S  v C M H ( 0 7 4 )  1 
S A  DDR=O . 0 
I F  (N.GT.M) R E T l J R N  
DO 1 J = N T M  
S A D D R = S A D D H + S  ( J  7 I 1 
R E T I J R N  
E N D  
1 
Z S A D 0 0 0  1 
Z S A D 0 0 0 2  
Z S A D 0 0 0 3  
Z S A DO004 
Z S A D 0 0 0 5  
Z S A  D O 0 0 6  
Z S A D 0 0 0 7  
Z S A D 0 0 0 8  
Z S A D 0 0 0 9  
Z S A D O O  10 
Z S A D O O  11 
Z S A D 0 0 1 2  
Z S A D O O  13 
Z S A D O O  14 
Z S A D O O O l  
Z S A D 0 0 0 7  
Z S A D 0 0 0 3  
Z S A D 0 0 0 4  
Z S A D 0 0 0 5  
Z S A D O O O 6  
Z S A D 0 0 0 7  
Z S A D O O O R  
Z S A D 0 0 0 9  
Z S A  D O 0  10 
Z S A I I O O  11 
























SCIBROIJT I  N E  SCOMP ( N  1 7 s c r i o o o i  
z scnoooz 
O I F F E R F N C E S  IiU F I N A L  A R E  C f l M P A R F I )  I N  ORI IER T O  C H F C K  T H F  zscnooo4 
R E L A T I V E  MAGN1TIJ I )E  O F  T H t  ERROR I N  F I N A L  C O N D I T I O N S .  7 S C O O O O ~  
S O R R O I J T I N E  SCIJMP C O M P O T F S  V A L U F S  T O  W H I C H  T H F  2 SC (10 00 3 
Z S C O O O O 6  
COMMON / C S T A R /  C M A (  1000) TCMH(  1000) Z S C 0 0 0 0 7  
COMMON / F  I N C M P /  F N C P  ( h  75 1 ZSCOOOOA 
D I M E N S I O N  C D M P  ( 5  ) ? C O N S T  ( 5  7 2  ) r F L O M X  ( 6  1 Z S C 0 0 0 0 9  
D I r l E N S I l l N  F Y D  ( 5  ) T I D A T A  ( 6  75 ) r J F I N A L ( 6  1 Z S C f l O O 1 0  
D I M E N S I O N  S ( 6  72 ) r X  (100 1 z SCOOO 11 
E O L J I V A L E N C E  ( B E T A  T C M A ( P R O ) ) T ( C O M P  T C M H ( O ~ ~ ) ) T ( C O N S T  r C M A ( 8 9 4 ) )  Z S C O O O l Z  
F Q U I V A L E N C E  ( F Y I 1  ~ C M H ( O ~ ~ ) ) T ( I D A T A  ~ C M H ( O R ~ ) ) ~ ( J F I N A L T C M B ( ~ ~ ~ ) )  Z S C O O O 1 4  
E O I J I V A L E N C E  ( L A S T  9 C M A ( 8 9 0 ) ) r ( N C I J T €  , C M A ( ~ Y ~ ) ) T ( ~ F I N A L T C M A ( R ~ Y ) )  Z S C O O 0 1 5  
E O U I V A L E N C E  ( N O P T A  y C Y R ( 0 7 0 )  ) r ( n M F G A  q C M A ( 4 0 5 )  ) 9 f R  r C M A ( 4 0 2 )  1 Z S C 0 0 0 1 6  
E O l J I V A L E N C E  ( S  T C M ~ ( ~ ~ ~ ) ) T ( O  v C M A ( 4 0 4 )  ) 9 ( V  r C M A ( R 8 9 ) )  Z S C O O O 1 7  
E O U I V A L E N C E  ( X  9 C M A ( 4 0 1 ) ) 7 ( Z L A M l  ~ C l ' l A ( 4 0 h ) ) i ( Z L A M 2  ~ C r u l A ( 4 0 7 ) )  Z S C O O O l A  
E O I J I V A L E N C E  ( E N E R G Y v C M A ( 8 9 Z ) ) r ( F L O M X  9 C M A ( R 3 7 ) ) 9 ( F M  r ~ ~ ~ ( 7 1 ~ ) )  zsc00013 
E Q U I V A L E N C E  ( Z L A M 3  r C M A ( 4 0 8 ) )  ZSCOOO 19 
r = o  zscnoozo 
I F ( N . G T . 1 )  GO T f l  4 z scnooz 1 
I F ( N F I N A L . N F . 1 )  R E T l l R N  zscoo022 
Z S C 0 0 0 2 3  
A S  A C O N V E N I E N C E  FOR T H E  I J S E R T  R A D I U S 7  F L I G H T  P A T H  A N G L F ,  A N D  z sc00024 
E N E R G Y  MAY H E  S U B S T I T U T E D  FOR R A D I I J S .  R A D I A L  V E L t J C I T Y  9 ANI) A N G U L A R I S C O O 0 2 5  
V E L O C I T Y  B Y  S E T T I N G  T H E  ANGtJLAR V F L O C I T Y  D E S I R E D  T O  Z F R O o  IF 
A N G U L A R  V E L C I C I T Y  ( F Y l ) ( 3 ) )  I S  Z E R O 7  T H E  R A D I A L  A N D  A N G U L A R  
V E L O C I T I E S  A R E  C O M P U T E D  F R O M  T H E  F L I G H T  P A T H  A N G L E  A N D  ENERGY.  
V E L  = SORT(2.0*(ENERGY+FM/FYD(l))) 
F Y D ( Z ) = V E L * S I N  ( B E T A )  
F Y D (  3 ) = V E L * C O S  ( B E T A )  / F Y D (  1) 
I F ( F Y D ( ~ ) . ~ \ ~ E . ~ . O )  GO T O  3 
C O M P A R I S O N  V A L l l E S  FOR S P E C I F I E D  R A D I O S 9  R A D I A L  V E L C I C I T Y T  A N D  
A N G U L A R  V E L O C I T Y  
C C I M P ( l ) = l . / F Y D ( l )  
C O M P ( 2 ) = S O R T ( F Y D ( l ) / F M )  
C O M P ( 3 ) = C O M P ( Z ) * F Y D ( l )  
R E T l J R M  
I F ( N C ( J T E . E Q . 0 )  I = 1 
GO T O  ( 8 7 S r h 9 7 ) 9 N F I N 4 L  
C O M P A R I S O N  V A L U E S  FOR S P E C I F I E D  E N E R G Y 7  W I T H  I l P T I N I Z E D  
R A D I I I S  A N D  V E L I I C I T Y .  
C O M P ( l ) = L o O / Z L A M 3 / V  
C O N P ( Z ) = l . O ~ Z L A M 2 / V  
C O M P ( 3 ) = R / F M  
GO T O  A 
C O M P A R I S O N  V A L I J E S  FOR S P E C I F I E D  E N E R G Y  A N D  F L I G H T  P A T H  A N G L E  
W I T H  O P T I M I Z E D  R A D I t I S .  
C U M P ( Z ) = R / F M  
C O M P ( 1 ) = 1 . 0  
C O M P ( 3 ) = 1 . 0 / Z L A M 3  
Z S C O O O 2 6  
Z S C 0 0 0 2 7  
Z S C 0 0 0 2 8  




Z S C O 0 0 3 3  
Z S C O O O 3 4  
Z S C O O O 3 5  
Z S C 0 0 0 3 h  
Z S C O 0 0 3 7  
Z SCOOO 38  
Z S C O O O 4 0  
Z S C O O O 4 1  
Z S C 0 0 0 4 2  
Z S C O O O 4 3  
zscooo44 
z sc00045 
Z S C 0 0 0 4 6  
Z S C 0 0 0 4 7  
Z S C 0 0 0 4 R  
Z S C 1 ) 0 0 4 9  
z sc00050 
Z S C O 0 0 5 1  
zscooo52 
Z S C O 0 0 5 3  
zscooo54 
Z S C O 0 0 5 5  
Z S C O O O 5 6  
zsc00039 
145 






















GO T O  8 
C O M P A R I S O N  V A L U E S  FOR S P E C I F I E D  E N E R G Y  A N D  P E R I G E E  R A D I U S ,  W I T H  
O P T I M I Z E D  I N J E C T I O N  TRIJE A N O M A L Y .  
C O M P (  2 
C O M P ( 3 ) = R / F Y  
T H I S  S E C T I O N  C O N T A I N S  T H E  C O M P A R I S O N  V A L l J E S  F O K  T H E  F I N A L  
C U N D I T I O N S  F O R  O P T I M I Z I N G  P H A S F  D U R A T I O N .  T H E  E O U A T I n N  N IJMBERS 
F R O M  P A Y L I l A D  O P T I M I Z A T O N  O F  M U L ’ I I S T A G E  L A U N C H  V E H I C L E S  A R E  L I S T E D  
W I T H  T H F  E Q U A T I O N .  
I F ( J F I N A L ( J I . E O . 0 )  GO TO 14 
K = , J F I N A L ( J )  
I = I+1 
GO T O  ( 9 r l 2 ) r K  
7 C O M P ( l ) = l . O / F Y D ( l )  
=1 .O/SC)RT ( ( Z L A M 1 * (  K * O M E G A % ~ * 2 - F M / R * e 2  * *2+ IJ * *2*  ( Z L A M 3 * * 2  
1 + 4 0 * 0 MEGA * * 2 + 7. L AM 7 * * 2 1 
8 DO 14 J = 1 , L A S T  
9 I F ( I D A T A ( J + l r S ) o E O . 0 )  GO T O  10 
E O I J A T I O N  4 1 C  
COMP ( I +2 = 1  O / C  O N S T  ( J 7 i! 
GO T O  14 
10 I F  ( J . G T . N O P T A + l )  GO TO 11 
GO T O  14 
G D  T O  14 
1 2  I F ( J . E O . L A S T )  G(1  T O  13  
E O l l A T  I ON 4 7  
C O M P (  1 + 2 ) = 1 . O / S O R T  
l F N C P (  J 7 4 ) * * 2  ) + F N C P  
GI) To 14 
EOIJAT I Oh! 5 0  
1 3  C O M P ( I + Z ) = l . O / S O R T  
14 C O N T I N I J E  
R E T l l R N  
E N D  
l + F N C P ( J , 4 ) * * 2 + F N C P  
zscooo57 
Z S C 0 0 0 5 8  
zscooo59 
Z S C 0 0 0 6 0  
Z S C O 0 0 6 1  
Z S C O O O 6 2  
Z S C 0 0 0 6 3  
Z S C O O O 6 4  
Z S C O O O 6 5  
Z S C O O O 6 6  
Z S C O O O 6 7  
Z S C 0 0 0 6 R  
Z S C O O O 6 9  
z s c O 0 0 7 0  
Z S C O 0 0 7  1 
z sc 00072 
Z S C 0 0 0 7 3  
Z S C 0 0 0 7 4  
zscooo75 
Z S C O 0 0 7 6  
Z S C O O O 7 7  
Z SC 0007 8 
Z S C U 0 0 7 Y  
zscooo8o 
zscooo8 1 
Z S C O O O 8 2  
ZS.COOO84 
Z S C O O O R 5  
Z S C O O O R 6  
Z S C C l O O 8 7  
Z S C O O O 8 R  
z s c o o o 8 Y  
z scooo9o 
zsc f l oo91  
Z S C 0 0 0 9 2  
Z S C O ~ O R ~  
z s c no 09 3 
zscnoo94 
Z S C O O O 9 5  
Z S C O 0 0 9 6  
Z S C 0 0 0 9 7  
Z S C 0 0 0 9 8  
z s c 0 0 0 9 9 
z sco0100 
z sc 00 1 0 1 
Z S C 1 ~ 0 1 0 2  
z scno 10 3 




















S lJHROl lT  I N E  S E T l J P  
S I J H R O I J T I N E  S E T l J P  C O N V E R T S  T H F  MODE I N F O R M A T I O N  W H I C H  
E N T E R S  THROUGH T H E  I N P U T  R O I J T I N E  I N T O  M I I I I O U T  A N D  MODS W H I C H  
A R E  I J S E D  I N  S T e P  ( S E E  S T t P ) .  A L S O  T M I N  A N D  S T E P S  A C O I J I R E  T H E  
P R O P E R  V A L l J E S  F R O M  I N P l J T  I I A T A ,  T H E  I N I T I A L  I ) E L T  I S  COMPlJTEI )  
I N  T H I S  R O I J T I N E .  T H I S  K O ( J T 1 N E  A P P L I E S  T O  T H E  H O O S T E K  P O R T I O N  
O N L Y .  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) r C M H ( 1 0 0 0 )  
D I M E N S I O N  D E L M X H ( 2  ) T M O D f B  ( 2  I T S T E P H  ( 2  1 
D I M E N S I O N  T M I N R  ( 2  1 T T S  ( h  1 
E Q U I V A L E N C E  ( D E L M A X ~ C M A ( ~ ~ ~ ) ) T ( U E L M X H I C M B ( ~ ~ ~ ) ) T ( L ) E L T  ~ c M A ( 7 0 1 ) )  
E Q U I V A L E N C E  ( D E L T H T T C M A ( ~ O ~ ) ) T ( I M C I D E  ~ C M B ( ~ ~ ~ ) ) T ( K  YCMH ( 1 8 2  ) 1 
E O U  I V A L E N C E  9 C MA ( 7 1 2  1 1 
E Q U I V A L E N C E  ( N S T A G E t C V S A ( 7 l O ) ) t ( S T E P R  T C M H ( ~ ~ ~ ) ) T ( S T E P S  r C M A ( 7 0 4 ) )  
E Q l J I V A L E N C F  ( T I M E  , C M A ( O 1 7 ) ) v ( T M I N  ~ C M A ( ~ ~ ~ ) ) T ( T . M I N H  r C M B ( 1 7 H ) )  
E Q U I V A L E N C E  ( T S  T C M A  ( 9 3 2 )  ) 
I N f k G E R  S T E P R T S T E P S  
T H I S  R O O T I N E  I S  S I M I L A R  TO D A M O I I E t H U T  K F F t R S  T O  T H E  R O O S T E R  
( M O D E B  9 C MI3 ( 17 2 1 ) ( M C I  IICIIJT 9 CMA ( 7 14 1 1 T ( MODS 
N= I M n r i E +  1 
K I S  I J S E D  I N  S T E P  A S  A N  I O E X  OF N O U T  
K = 3  
S E T  MODOUT 
MODOIJT = M O O E H ( N ) / l O  
S E T  MODS 
MODS = M O D ( M O D E R ( N 1  9 1 0 )  
S E T  D E L M A X  
D E L M A X  = D E L M X R ( N 1  
S E T  S T E P S  
S T E P S  = S T E P H ( N )  
S E T  T M I N  
T M I N  = T M I N B ( N )  
S E T  D E L T  
I F ( D E L T . G T . T M I N - T I M E . A N D . M O D O l J T . E O . 1 )  D E L T  = T M I N  
I F ( D E L T . G T . D E L M A X . A N ~ . ( M O D ~ U T . E O . Z , O R . M O D ~ U T . E ~ . 3 ) ) D E L T = D E L M A X  
R E T U R N  
E N D  
D E L T = A M I N ~ ( D E L T B T ~ T S ( N S T A G E ) - T ~ M E )  
Z S E T O O O l  
Z S E T  0 00 2 
Z S E T 0 0 0 3  
Z S E T 0 0 0 4  
Z S E T 0 0 0 5  
Z S E T 0 0 0 6  
Z S E T 0 0 0 7  
Z S E T O O O R  
Z S E T O 0 0 9  
Z S E T O 0 1 0  
Z S E  TOO 11 
Z S E T O O  1 2  
Z S E T 0 0 1  3 
Z S E T 0 0 1 4 
Z S E T 0 0  15 
Z S E T 0 0 1 6 
Z S E T 0 0 1 7  
Z S E T 0 0 1 8  
Z S E T 0 0 1 9  
Z, S E T O U  2 0 
Z S E T 0 0 2  1 
Z S E T O 0 2 2  
Z S E T 0 0 2  3 
Z S E T O 0 2 4  
Z S E T 0 0 2 5  
Z S E T  00 2 6 
Z S E T 0 0 2 7  
Z S E T 0 0 2 8  
Z S E T 0 0 2 9  
Z S E T 0 0 3 0  
Z S E T 0 0 3 1  
Z S E T O 0 3 2  
Z S E  T O 0 3  3 
Z S E T O O 3 4  
Z S E T 0 0 3 5  
Z S E T O O 3 h  
Z S E T 0 0 3 7  
Z S E T  0038 
Z S E T 0 0 3 9  
Z S E T 0 0 4 0  
Z S E T O O 4  1 
Z S E T  0042 
Z S E T 0 0 4 3  
Z S E T 0 0 4 4  
Z S E T 0 0 4 5  
Z S ETOC746 
Z S E T 0 0 4 7  
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S U R R O I I T I N E  S O R T X Y ( X I Y , N P T S )  
C 
C T H I S  R O U T I N E  I S  C A L L E D  H Y  M A I N A  T O  ORLIER T H E  L I S T  O F  K I C K  
C A N G L F S .  I T  WAS O B T A I N E D  F R O M  R F F E K E N C E  6.  
C 
D I M E N S I O N  X ( l ) q Y ( l )  
100 N = N P T S  
102 NN=N-1 
104 DO 140 K T = l , N N  
XM I N = X  ( K T  
J A D = K T  
J K L = K T + l  
1 1 2  DO 120  J K z J K L V N  
114 I F ( X M I N - X ( J K ) )  . 1 2 0 , 1 2 0 , 1 1 6  
116 X M I N = X ( J K )  
1 1 8  J A D = J K  
120  C O N T I N U E  
1 2 2  Y M I N = Y ( J A D )  
X ( J A D ) =  X ( K T )  
Y ( J A D ) =  Y ( K T )  
X ( K T ) =  X M I N  
Y ( K T ) = Y M I N  
4 E T U R N  
E N D  
140 C O N T I N l J F  
SIJHROIJT 1 N E  S I M P R O  
SR T X O O O  1 
S R T X 0 0 0 2  
S K T X 0 0 0 3  
S R T X 0 0 0 4  
S R T X 0 0 0 5  
S R T X O O O h  
S R T X 0 0 0 7  
S R T X O O O R  
S R T X 0 0 0 9  
S R T X O O  10 
S R T X O O l l  
S R T X 0 0 1 2  
S R T X 0 0 1 3  
S R T X 0 0 1 4  
S R T X O O  1 5  
S R T X O O l h  
S R T X O O l 7  
S R. T XO 0 1 8 
S R T X 0 0 1 9  
S R T X 0 0 2 0  
S R T X 0 0 2 1  
S R T X 0 0 2 2  
S R T X 0 0 2 3  
S R T X 0 0 2 4  
S R T X O 0 2 5  
z SM P O 0 0  1 
Z S M P 0 0 0 2  
Z S M P 0 0 0 3  S O R R O I J T I N E  S I M P R O  C O M P U T E S  T H E  T H R U S T  A N D  F L O W  
Z S M P 0 0 0 4  FOR T H E  H O O S T F R  P O R T I f l N  O F  T H E  PROGRAM I J T I L I Z I N G  T H R U S T  
A C T I l A L  = T H R I J S T  VACIJIJM - F X I T  A R F A  f A T M O S P H E R I C  PRESSIJRE.  Z S M P 0 0 0 5  
Z S M P O O O h  
Z S id PO 0 0 7 
COMMON / C S T A R /  C M A ( 1 0 0 0 ) , C M H ( 1 0 0 0 )  
D I M E N S I O N  E X I T S  ( 6  1 r F O R C E S ( h  ) , W T F L O W ( b  ) 
f O ( J 1 V A L f N C E  ( E X I T S  r C M A ( 7 2 7 ) ) r ( F L O W  r C M A ( 7 5 2 ) ) , ( F n K C F S I C M A ( 7 3 9 ) )  
E O U I V A L E N C E  ( N S T A G E , C M A ( 7 1 0 ) ) , ( P A  r C M A ( P O h ) ) , ( P I J S H  t C M A ( 7 5 1 ) )  
E Q I I I V A L E N C F  ( W T F L O W y C M A ( 7 3 3 )  1 
P U S H  = FORCES(NSTAGE)-PA*EXITS(NSTAGE) 
F L O W = W T F L f l W ( N S T A G E )  
C A L L  T H R I J S T  
R E T I J R N  
ENT) 
Z S M P 0 0 0 8  
Z S M P 0 0 0 9  
Z SM P 00 10 
Z S ~ P O O l l  
Z S M P 0 0 1 2  
Z S M P 0 0 1 3  
Z S M P 0 0 1 4  
Z S M P O O l 5  
Z S M P O O  l h  
z s M P 00 1 7 
Z S M P 0 0 1 8  
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f I J N C T I ( 1 N  S S T A G E  ( T H K I J S T  , F L O d t W T  Z S S T O O O l  
C Z S S T 0 0 0 2  
C S l J B K f l U T I N E  S S T A G E  C O M P O T E S  T H E  S S I ) E F I N E D  I N  E Q U A T I O N  Z S S T 0 0 0 3  
C 41 Ilu P A Y L O A D  O P T I M I Z A T I i l h  O f  M I J L T I S T A G E  L A U N C H  V E H I C L E S .  Z S S T 0 0 0 4  
c A S  D E F I N E D  IN T H E  R F P O R T t  T H F S F  EO1IAT IOIVS A K F  O S E U  T O  ErFFECT Z S S T 0 0 0 5  
C O P T  I MUM P H A S  I N G .  Z S S T O O O h  
C Z S S T 0 0 0 7  
COMMDN / C S T A R /  C M A ( l O O O ) t C M B ( 1 0 0 O )  Z S S T 0 0 0 8  
E Q U I V A L E N C E  ( F M  ,CMA(  7 1 5 )  1 T ( G  T C M A ( ~ ~ ~ I ) T ( O M F G A  t C C A ( 4 0 5 1 )  Z S S T 0 0 0 9  
E Q U I V A L E N C E  ( R  t CMA ( 4 0 2  1 ) t ( IJ ~ c M A ( 4 0 4 )  I r ( Z L A M 1  r C N A ( L t 0 6 )  Z S S T O O l O  
E O I J I V A L F N C E  ( Z L A M 2  r C M A ( 4 0 7 ) ) r ( Z L A M 3  r C M A ( 4 0 8 ) ) q ( Z L A M 4  r C M A ( R 8 4 ) )  Z S S T O O l l  
I F  ( fLOW.EO.O.0)  G D  TQ 1 Z S S T 0 0 1 2  
S S T A G E =  ( ( F M / R * * 2 - O M E G A * * 2 * R  * Z L A M 1 + 2  . O * ~ J ~ U ~ ~ I E G A : ~ Z L A M Z - ( ) +  Z S S T O O l 3  
l Z L A M 3 - O M E G A * Z L A M 4 - G e T H R o S T / W T ~ S ~ R T ~ Z L A M l * * 2 + Z L A M 2 ~ * 2 ~ ) / F L f l W  Z S S T 0 0 1 4  
GO T O  2 Z S S T O O l 5  
1 SSTAGE=O.O Z SS T 00 1 h 
2 R E T U R N  Z S S T 0 0 1 7  
E N D  Z S S T 0 0 1 8  
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S I J ~ R I I I J T  I N E  S T A G E  
S I I B R O I J T I N E  S T A G E  I S  C A L L E U  F R O M  S T t P  T O  P E R F O R M  T H F  
O P E R A T I O N S  N E E D E D  TO C H A N G E  FRO14 O N E  P H A S E  TO T H E  N E X T .  
1 
Z S T A O O O l  
Z S T A 0 0 0 2  
Z S T A 0 0 0 3  
2 S T A 0 0 0 4  
Z S T A 0 0 0 5  
COMMON /R IJNG/RtJN ( 125 1 Z S T  AOOOh 
COMMON / C S T A R /  C M A (  1000) ~ C M H ( 1 0 0 0 )  Z S T A 0 0 0 7  
D I M E N S I O N  COMPA ( 3  ) ? D R A G  ( 3  ) T F L O M X  ( 6  1 Z S T A O O O R  
D I M E N S I I J N  F O R C E  ( 3  ) - F U E L  ( 6  ) r H A K D  ( 6  1 Z S T A 0 0 0 9  
D * I M E N S I O N  H A R D 8  ( 6  I t O H L A T  ( 3  )TPR.OP ( 6  1 Z S T A O O l O  
D I M E N S I O N  S ( 6  9 2  ) r T H R U S T ( h  ) T V E L F X P ( ~  ) Z S T A O O l l  
D I M E N S I O N  X (100 I T X P R I M  ( 1 0 0 7 2  ) Z S T A 0 0 1 2  
EOlJ I V A L E N C E  ( C D  ,CMA R 1 2 ) ) r ( C O M P A  r C M A ( 7 8 3 ) ) 9 ( C P S I  7CMA 8 8 8 ) )  Z S T A 0 0 1 3  
E O I J I  V A L E N C E  ( D E L T A V  T C M A  8 6 1  1 1 7 ( DRAG VCMA ( 7 7 7  ) 9 ( D R O P  VCMA 863  ) ) Z S T A 0 0 1 4  
E O I J I V A L E N C E  ( F L O M X  v C M A  8 3 7 ) ) 7 ( F L I l W  T C M A ( 8 7 7 ) ) 9 ( F M  r C M A  7 1 5 ) )  Z S T A 0 0 1 5  
E O U I V A L E N C E  ( F O R C E  T C M A  7 7 4 ) ) ~ ( F l l E L  , C M A ( H ~ ~ ) ) T ( F U E L D V Y C I ~ A  R 7 R ) )  Z S T A O O l h  
E Q U I V A L E N C E  ( G  T C M A  7 1 6 ) ) r ( H A R D  r C M A ( 8 4 3 ) ) r ( H A R D N  T C M A  7 2 1 ) )  Z S T A 0 0 1 7  
E Q U I V A L E N C E  ( I M O D E  TCM8 0 6 1 ) ) r ( J C O S T  , C M H ( 1 2 9 ) ) t ( J D A T A  T C M A  9 2 5 ) )  Z S T A O O l H  
E Q U I V A L E N C E  ( L A S T  T C M A  8 9 0 ) ) r . ( N E O  T C M A ( ~ ~ ~ ) ) , ( N S T A G E , C M A  7 1 0 ) )  Z S T A O O l 9  
E O I J I V A L E N C E  ( N S T A G l q R I J N  1 1 5 ) ) r ( O H L A T  * C M A ( 7 R O ) ) * ( O M E G A  7CMA 4 0 5 ) )  Z S T A O O Z O  
E O U I V A L E N C E  ( P A  T C M A  8 0 6 )  ) T ( P R O P  ~ C M A ( 8 4 9 ) ) y  ( O V A L  t C M A  8 0 8 )  Z S T A 0 0 2 1  
E O I J I V A L E N C E  ( R  T C M A ( ~ O ~ ) ) T ( R E S F R V T C M A ( R ~ ~ ) ) ~ ( R M A S S  r C M A  2 0 1 ) )  Z S T A 0 0 2 2  
E Q 1 J I V A L F N C E  ( S  r C M R ( 0 7 4 )  ) T ( S P S I  T C ~ ~ A ( ~ F ( ~ ) ) ~ ( T H K I J S T ~ C . ~ \ . ~ ~ , ( R ~ ~ ) )  Z S T A 0 0 2 3  
E O U I V A L E N C E  ( I J  ? C M A ( 4 0 4 ) ) , ( V E L E X  ( C M A ( H 7 O ) ) r ( V E L E X P , C M A ( ~ ~ 4 ) )  Z S T A 0 0 2 4  
E O U I V A L E N C E  ( V M A C H  ~ C M A ( 8 1 1 1  ) , ( W E I G H T T C M A ( ~ O ~ ) ) , ( X  ~ C k A ( 4 0 1 ) )  Z S T A 0 0 2 5  
E O U I V A L E N C E  ( X P K I M  r C M A ( 0 0 1 ) )  Z S T A 0 0 2 h  
I )OUHLF P R E C  I S I ON XPR I M Z S T A 0 0 2  7 
Z S T A 0 0 2 R  
I M O D E  = 2 I M P L I E S  I J P P E R  P H A S E  O P E R A T I O N  Z S T A 0 0 2 9  
IF(IMODE.EO.7) GO TI) 2 Z S T A 0 0 3 0  
Z S T A 0 0 3 1  
R E I N I T I A L I Z E  Z S T A 0 0 3 2  
CD=O.O Z S T A 0 0 3 3  
Vlvl AC H = 0.0 Z S T A 0 0 3 4  
PA=O.O Z S T A 0 0 3 5  
OVAL=O.  0 Z S T A 0 0 3 6  
DO 1 J = 1 7 3  Z S T A 0 0 3 7  
F O R C E ( J ) = O . O  Z S T P 0 0 3 8  
D R A G (  J ) = O . 0  Z S T A 0 0 3 9  
O R L A T ( J ) = O . O  Z S T A 0 0 4 0  
1 C O M P A (  J ) = O . O  Z S T A 0 0 4 1  
Z S T A 0 0 4 2  
I F (  IMODE.EO.0 )  R E T U R N  Z S T A 0 0 4 3  
D R O P  W E I G H T  B E T W E E N  S E G M k N T S  F O R  B O O S T F R  O P E R A T I O N  Z S T A 0 0 4 4  
W E I G H T  = W E I G H T - H A R D R ( N S T A G 1 )  Z S T A O O 4 5  
X ( Z ) = W F I G H T  Z S T A 0 0 4 h  
R E T I J R N  Z S T A 0 0 4 7  
Z S T  A 0 0 4 8  
U P P E R  P H A S E  Z S T A 0 0 4 9  
Z S T A 0 0 5 0  
C A L L  C I I N E V L  T O  E V A L I J A T E  C O N S T A N T  Z S T A 0 0 5 1  
2 C A L L  C C I N E V L ( F L ( J W I N S T A G I - ~  1 Z S T A 0 0 5 2  
Z S T A 0 0 5 3  
C O M P O T E  S ( N q 2 )  B E F O R E  P H A S I N G  Z S T A 0 0 5 4  
I F ( F L O W e N E . 0 . 0 1  GO TO 3 Z S T A O O S 5  
S ( N S T A G l r Z ) = O . O  Z S T A 0 0 5 h  
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S I J H R O U T I N E  S T E P  IS C A L L E D  FROM R ( I N G E K  TO C I I N T R O L  I N T E G R A T I O N  
S T E P S I Z E  A N 0  PRII \ IT( I (JT.  
M O I > D U T = l  O I I T P U T  E V E R Y  N T H  S T E P ( N = S T E P S )  U N T I L  T I M E  = T M I N T  T H E N  
G l l  T O  MODE 2 . 
2 OIJTPIJT A T  I N T E R V A L S  OF D E L M A X  U N T I L  T I M E  = TMAX. 
3 OIJTPIJT A T  I N T E R V A L S  OF D t L M A X  I J N T I L  T I M E  = T M I N T  T H E N  
GO T U  MOI)E 4 . 
4 O U T P l J T  E V E R Y  N T H  S T E P  I I N T I L  T I M E  = TMAX. 
5 OIJTPIJT F I R S T  A N D  L A S T  S T E P  
h N O  OUTPIJT  
C H E C K S  P R O X I M I T I Y  T O  T M I N  F U R  C H A N G E  F R O M  i.iO0UUT = 1 T O  
MODOIJT = 2. 
5 D E L 1  = T M I N - T I M E  
Z S T DO0 1 h 
Z S T E O O O O  
Z S T E 0 0 0  1 
Z S T E 0 0 0 2  
Z S T  E 0 0 0 3  
Z S T EO004 
Z S T E 0005 
Z S T t 0 0 0 6  
Z S T E 000 7 
Z S T E O O O H  
Z S T E 0 0 0 9  
Z S T E O O  10 
Z S T E O O l l  
Z S T  E O 0  1 2  
Z S T E 0 0 1 3  
Z S T t 0 0 1 4  
Z S T E O O  15 
Z S T t 0 0 1 6  
Z S T E O O  17 
Z S T E 0 0 1 8  
Z S T E 0 0 1 9  
Z S T  E 0 0 2  0 
Z S T E 0 0 2  1 
Z S T k 0 0 2 2  
Z S T E 0 0 2 3  
Z S T E O 0  2 4 
Z S T E 0 0 2  5 
Z S T E O 0 2 6  
Z S T E 0 0 2 7  
Z S T E 0 0 2 8  
Z S T E 0 0 2 9  
Z S T E 0 0 3 0  
Z S T E O 0  3 1 
Z S T E 0 0 3 2  
Z S T E 0 0 3 3  
Z S T f 0 0 3 4  
Z S T E 0 0 3 5  
Z S T F 0 0 3 6  
Z S T  E 0 0 3 7  
Z S T E 0 0 3 8  
Z S T E O 0  39  
Z S T  E 0 0 4 0  
Z S T E 0 0 4 1  
Z S T E 0 0 4 2  
Z S T E 0 0 4 3  
Z S T E 0 0 4 4  
Z S T E 0 0 4 5  
Z S T  € 0 0 4 6  
Z S T  E 0 0 4 7  
Z S T E 0 0 4 8  
Z S T  E 0 0 4 9  
Z S T E 0 0 5 0  
Z S T E 0 0 5 1  
Z S T E 0 0 5 2  
Z S T E 0 0 5 3  
Z S T E 0 0 5 4  
Z S T E 00 55 
Z S  T E 0 0 5 6  
Z S T E 0 0 5 7  
































IF(AHS(DELl/TnIN).GT.l.E-07) GO TI1 R 
S E T S  U P  D E L 1  S FOR L A N D I N G  ON T M I N  ANI) C H A N G E S  MI)OOIJT F R O M  
ONE TCI TWU 
Wf)C)OUT = 2 
G I1 1 0 1 5 
C H E C K  FOR P R O X I M I T Y  T O  T M I N  FOR C H A N G I N G  I-RLIM MOr lOUT = 3 
T O  MCIDOIJT = 4. 
6 I ~ ( D E L T * ( T I M E - T M I N ) . L E . O . O )  GO TO 7 
MOD[l(JT = 4 
N S T E P i l = 2  
GO T O  8 
C A L C t J L A T E S  D E L  FOR D E L M A X  P R I N T  O U T  
G O  T O  1 5  
7 D E L l = D E L l - H Z  
C H E C K  F114 N - S T E P  P R I N T  I l l J T  
I F ( D E L 3 . N E . O . O )  G O  T O  15 
C A L L  O I J T P O T  ( 1 1 
GO T O  15 
S P A C E S  C A L C l J L A T E S  NUMHER O F  S T t P S  TO P R I h T  O U T  OK S T A G I N G  P O I N T  
8 D E L ~ = F L O A T ( M O D ( S T E P G ~ T S T E P S ) )  
9 S P A C E S  = A I N T  ( ( D E L / D E L T ) + S I G N  ( . 9 T ( D E L / D t L T ) ) )  
S P A C E S  = 0 1 N I ) I C A T F S  T H A T  A S T A G I N G  P O I N T  UK P R I N T  OlJT P O I N l  
H A S  H E k N  R F A C H E D .  
D E L 2  G R E A T € R  T H P N  0.  
10 D E L 3 = D F L 2  
11 N S T E P 3 = 1  
17 I F (  1MOI)E.EO. l  I H l I R N = I B O K N + l  
I I - (  r ) 1 - ~ 2 )  1 7 ~  11 14 
C A L L  O l J T P l J T  ( 1 1 
D E L l = D F L M A X + D F L S T I )  
I )ELSTO=O.O 
GO TO ( 1 3 ~ 1 5 )  T N S T E P ~  
13 N S T E P 3 = 2  
PK I N T  OIJT I I N L Y  
B(1TH S T A G I N G  ANLJ P R I N 7  
O l I T  P I 3 I N T  I M I ~ I C A T E L )  
S T A G I N G  POIN1 ( JNLY 
N S T A G E  I S  I N C R E M E N T E D ,  I = 4 C A U S E S  R E S T A R T  I N  RIJNGEK 
1 4 N S T A G F = N S  T A G E +  1 
I = 4  
Z S T E 0 0 5 9  
Z S T E 0 0 6 0  
Z S T E O 0 6 l  
Z S T t 0 0 6 2  
Z S T t 0 0 6 3  
Z S T E 0 0 6 4  
Z S T E 0 0 6 5  
Z S T E O O h h  
Z S T  E 0 0 6 7  
Z S T t 0 0 6 8  
Z S T E 0 0 6 9  
Z S T E 0 0 7 0  
Z S T E 0 0 7 1  
Z S T E 0 0 7 2  
Z S T E 0 0 7 3  
Z S T  t 0074  
Z S T E 0 0 7 5  
Z S T E 0 0 7 h  
Z S T E 0 0 7 7  
Z S T E O O 7 R  
Z S T  E O 0 7 9  
Z S T E 0 0 8 0  
Z S T E 0 0 8 1  
Z S T E O O H Z  
Z S T E 0 0 8 3  
Z S T E 0 0 8 4  
Z S T E 0 0 8 5  
Z S T t O O R h  
Z S T E O O R  7 
Z S T E O 0  8 8 
Z S T E 0 0 8 9  
Z S T E 00 9 0 
Z S T E 0 0 9  1 
Z S T t 0 0 9 2  
Z S T  E 0 0 9 3  
Z S T E 0 0 9 4  
Z S T E 0 0 9 5  
Z S T E 0 0 9 6  
Z S T E 0 0 9 7  
Z S T E 0 0 9 R  
Z S T E 0 0 9 9  
Z S T E O  100 
Z S T E O l O l  
Z S T EO 102  
Z S T E O l 0 3  
Z S T E O  104 
Z S T E O l O 5  
Z S T E O l O h  
Z S T E 0 1 0 7 
Z S T E O Z O R  
Z S T E 0 10 9 
Z S T E O  11 0 
Z S T E O l l l  
Z S T  EO 11 2 
Z S T E 0 1 1 3  
Z S T E 0 1 1 4  
Z S T E O l l 5  
C A L C U L A T I O N  IlF D F L  F O R  S T A G I N G  
1 5  n E L = T S ( N S T A G F ) - T I M E  
G O  TI1  ( l h v 1 8 ) t l N S T F P 2  Z S T E O l l h  
Z S T E 0 1 1 7  
I F  D E L M A X  P R I N T  O U T  DESIKED, CALCtJLAT, l5S I I E L  F U R  L A N D I N G  ON Z S T E O l l H  
C N E X T  S P A C E S  = o PIII~I-r. 
16 ~ E L ~ = O E L  i - r ) E L  
I F  ( A R S  ( I > E L Z / T  I M P  ) .GT. . O O O O O O l )  GI )  T O  17  
D E L S T O = D E L 2  
r )EL2=O.O 
GO T O  1 8  
17  D E L = S I G N ( A M I N l  ( A B S  ( I ) E L ) * A H S  ( D F L 1 ) ) r I ) E L T )  
1 8  GO T O  ( 9 7 2 0 ) 9 N S T F P 1  
2 0  N S T E P 1 = 1  
I F ( A R S ( D E L ) . G E . A B S I D E L T ) )  GO TO 2 2  
c 
c N S T A G E  I S  I N C R E M E N T E I )  l J N T I L  T S ( N S T A G E l + l  1 DOES N U T  F O t I A L  
C T S ( N S T A G E )  
I F  ( N S T A G l . E O . N S T A G F . O R . T S ( ~ S T A G E - l ) . N ~ . T S ( N S T A G E ) )  GO T O  2 1  
N S T E P 1 = 2  
GO T O  14 
2 1  D E L T = S I G N (  D F L  r l l E L T )  
C 
2 2  I F ( I - 4 ) 9 ~ 2 4 ~ 9  
23  O E L T  = D E L / S P A C E S  




C MOI IS  = 1 N O  P K I N T  H E F O R E  A N D  A F T E R  S T A G I N G  
C 2 P R I N T  H E F I J R E  ANI) A F T E R  S T A G I N G  
C 3 P R I N T  H E F C l Y E 9  N I I T  A F T F R  S T A G I N G  
C 4 P R I N T  A F T E R *  N I I T  H E F O R F  S T A G I N G  
c 
c 
2 4  I F ( M O I J T ( N S T A G l ~ K ) . N E . O )  GI) TO 2 H  
I F ( MODOlJT-5  2 5 2 h 28  
2 5  I F ( O E L 3 . E O . O . O )  G O  TO 2 8  
2 6  GO TO ( 2 8 y 2 7 ~ 2 7 ~ 2 8 ) r M O D S  
2 7  C A L L  O I J T P U T ( 1 )  
2 8  C A L L  S T A G E  
I F  ( M O D O U T . E O . ~ . ~ R . M U U T ( ~ ~ S T A G ~ T K )  .NE.O) G U  T O  3 1  
I F  ( N S T A G E - G T - L A S T )  GO T U  30 
GO T O  ( 3 1 ~ 2 9 ~ 3 1 r 2 9 ) r M O D S  
29  S C R I H E  = 0 
GO T O  3 1  
30  N S T A G l = N S T A G E  
C A L L  U l J T P U T  ( 1)  
3 1  I F ( N S T A G E . L E . L A S T )  G o  TU 9 
32 DELT=O.O 
C 





S U H R l l I J T I  N E  S T G S S  ( K N A X  
S O R R O U T I N E  S T G S S  I S  A DtJMMY R O U T I N E  P L A C E D  I N  T H E  
M A I N  PROGRAM A F T E R  T H E  C O M P L E T I O N  CJF T H E  P R O B L E M .  
R E T U R N  
E N D  
Z S T E 0 1 1 9  
Z S T F O l 2 0  
Z S T F O 1 2  1 
Z S T t O l 2 2  
Z S T  EO 1 2  3 
Z S T  FO 1 2 4  
Z S T E 0 1 2 5  
Z S T t O l 2 h  
Z S T E 0 1 2 7  
Z S T k O l 2 A  
Z S T E O 1 2 9  
Z S T E O l 3 0  
Z S T E 0 1 3 1  
Z S T E O l 3 2  
Z S T E 0 1 3 3  
Z S T E O  134 
Z S T E 0 1 3 5  
Z S T E O l 3 6  
Z S T E 0 1 3 7  
Z S T  EO 138 
Z S T E 0 1 3 9  
Z S T E 0 1 4 0  
Z S T E O 1 4 1  
Z S T E 0 1 4 2  
Z S T E 0 1 4 3  
Z, S T E 0 1 4 4 
Z S T E 0 1 4 5  
Z S T  EO 146 
Z S T E 0 1 4 7  
Z S T E 0 1 4 8  
Z S T E O  149 
Z S T E 0 1 5 0  
Z S T  E 0 1  5 1 
Z S T E 0 1 5 2  
Z S T E 0 1 5 3  
Z S T E O  1 5 4  
Z S T  EO 155 
Z S T F O  156  
Z S T E 0 1 5 7  
Z S T E O  1 5 8  
Z S T E 0 1 5 9  
Z S T E O  160 
Z S T E O l 6 l  
Z S T E 0 1 6 2  
z s-r E 0 163 
Z S T E O  164 
Z S T E 0 1 6 5  
Z S T  EO 166 
Z S T E O l 6 7  
Z S T E O  168 
Z S T E O  169 
Z S T G O O O l  
Z S T G O C 0 2  
Z S T G 0 0 0 3  
Z S T G 0 0 0 4  
Z S T G 0 0 0 5  
Z S T G 0 0 0 6  






















S I J H R U I J T I N E  T H R U S T  Z T H R O O O l  
Z T H R O O O 2  
S lJRRO!JT INF:  T H R U S T  S U P P L I E S  T H E  T H R l J S T  D I R E C T I O N  FOR Z T HR 0 00 3 
B O T H  T H E  V E R T I C A L  R I S E  P O R T I O N  A N D  Z E R O  A N G L E - O F - A T T A C K  Z T H R 0 0 0 4  
P O R T I O N  O F  T H E  R O O S T E R  PHASE. A N D  T H E  A C C E L E R A T I O N S  F O R  Z T H R 0 0 0 5  
B O T H  O F  T H E S E  P O R T I O N S .  Z T H R O O O 6  
Z T H R 0 0 0 7  
COMMON / A T A H L E / C M E ( R O O O )  Z T H R 0 0 0 8  
COMMON / C S T A R /  C M A ( 1 0 0 0 )  T C M H (  1000)  Z T H R 0 0 0 9  
D I M E N S I O N  C f I M P A  ( 3  ) * D R A G  ( 3  ) r F O R C E  ( 3  1 Z T H R O O l O  
D I M E N S I O N  H ( 5  ~ T O H L A T  ( 3  * K B  ( 5  1 Z T H R O O l l  
( 3  1 Z T H R O O  12 
D I M E N S I O N  ( I T  ( 3  T t I V A T R  ( 5  ) , V A T M  ( 5  1 Z T H R O O  13 
E D I J I V A L E N C E  ( C O M P A  ~ c M A ( 7 8 3 ) ) r ( r ) R A G  r C M A ( 7 7 7 ) ) r ( F O R C F  y C M A ( 7 7 4 ) )  Z T H R 0 0 1 4  
E Q U I V A L E N C E  ( G  r C M A ( 7 1 h ) ) i ( I M f l O F  T C M B ( O ~ ~ ) ) T ( O B L A T  r C M A ( 7 8 0 ) )  Z T H R 0 0 1 5  
E O I J I V A L E N C E  ( P U S H  * C M A ( 7 5 1 )  ) * ( R R  T CMA ( 7 5 4 )  7 ( I J N  t ' C P I E ( 0 2 2 )  Z T H R 0 0 1 6  
E Q U I V A L E N C E  ( U T  r C M A ( 8 0 0 ) ) r ( . V A T M  rCMA(764))*(WEIGHTrCMA(402)) Z T H R 0 0 1 7  
D I M E N S I O N  UF ( 5  1 TIJH ( 5  7 uI\I 
Z T H R 0 0 1 8  
Z T H R 0 0 1 9  T D P I V i A G = P I I S H / W E I G H T * G  
I F ( I M O D E . E O . 1 )  GO TO 2 Z T H R 0 0 2  0 
Z T H R 0 0 2 1  
V E R T I C A L  R I S E  S E C T  I U N  Z T H R 0 0 2 2  
Z T H R 0 0 2 3  T H E  T H R U S T  I S  A L L I G N f D  P A R A L L E L  T O  U T  WHERE IJT I S  A I J N I T  
V E C T O R  I N  T H E  I I I R E C T I L I N  O F  T H F  L A I J N C H  R A D I U S  V F C T O R .  Z T H R 0 0 2 4  
00 1 J = l r 3  Z T H R 0 0 2 5  
Z T H R 0 0 2 6  1 F O R C E  ( J  ) = T D P M A G * U T  ( J  
Z T H R  002 7 
GO T O  5 Z T H R 0 0 2 8  
Z T H R 0 0 2 9  Z E R O  A N G L E - O f - A T T A C K  S E C T I O N  
Z T H K 0 0 3 0  
Z T H R 0 0 3 1  
Z T H R 0 0 3 2  A L L I G M E D  SlJCH T H A T  I T  I S  P A R A L L E L  TO T H E  6 Z I M I J T H  P L A N E  
A N D  T H F  A N G L E  H E T W F E N  T H F  R E L A T I V F  V E L O C I T Y  V E C T O R  A N D  T H E  Z T H R 0 0 3 3  
P R O J E C T I O N  O F  T H E  T H R U S T  V E C T O R  I N T O  T H F  R A D I I J S - R E L A T I V F  Z T H R 00 34 
V E L O C I T Y  P L A N E  I S  ZERO. Z T H K 0 0 3 5  
2 C A L L  C U N V T  ( R H T V A T M T H )  Z T H R 0 0 3 h  
DO 3 J = 113 Z T HR 0 0 3 7 
IJH( J ) = H ( J  ) / H ( 5 )  Z T H R 0 0 3 8  
3 l J V A l . M (  J ) = V L T M (  J )  / V A T M (  5 )  Z T H R 0 0 3 9  
I JHDOTW=DOT(  ( J H T I J N )  Z T H R 0 0 4 0  
Z T H R 0 0 4  1 
Z T H R 0 0 4 2  D E NOM= S 0 R T ( I I V A T R W * *2 + l J  H DO T 14 * * 2 1 
D u  4 J = l r 3  Z T H R 0 0 4 3  
I IF  ( . I  = ( l I H D n T W * I J V A T M  ( J  -IJVATMW:XIJH( J 1 1 / D E N O M  Z T H R 0 0 4 4  
Z T H R 0 0 4 5  4 F O R C E  ( J  = T D P M A G * U F  ( J ) 
5 on 6 ~ = i * 3  Z T H R 0 0 4 h  
h C O M P A ( J ) = O R L A T ( J ) + F O R C E ( J ) + D R A G ( J )  Z T H R 0 0 4 7  
R E T U R N  Z T H R Q 0 4 8  
Z T H R 0 0 4 9  E N D  
D U R I N G  T H I S  P 1 ) R T I O N  O f  T H E   ROOSTER^ T H E  1 H R t I S T  V E C T O R  I S  
























C O S 2  = C O S A ( 4 ) * S I N A ( 3 )  
C O M P U T k  X I )OTr  YDOTV A N D  ZDOT.  
X P R I M ( 3 , 1 ) = D H L E ( V E L l * ( C O S l * C S A  
1 R E V O L V )  
1 R E V O L V  
X P R I M ( 4 ? 1 ) = D R L E ( V E L l ~ ( C O S l ~ S I N A  
X P R I M ( 5 , 1 ) = D H L E ~ V E L l = ( S I N A O = S  
R E T U R N  
E N D  
L A T I T U D E  
L O N G I T L J D E  
A Z I M I J T Y  H E A D I N G  
E L E V A T I O N  A N G L E  
SIJRROIJT I N E  T IJDES 2 T l J D 0  00 1 
Z T I J D 0 0 0 2  
S I J H R O I J T I N E  T!JDES C O N V E R T S  L A T I T U D E ?  LONG1 TlJI>EY A 2  I M I J T H T  Z T I J D 0 0 0 3  
E L E V A T I O N  A N G L E ,  ANI) R E L A T I V E  V F L O C I T Y  I N T O  R E C T A h l G l J L A R  Z T I J D 0 0 0 4  
C O O R D I N A T E S .  Z T U D 0 0 0 5  
Z T U D O O O h  
COMMON / C S T A R /  C M A ( 1 0 0 0 ) r C M R ( 1 0 0 0 )  Z T IJCIO 007 
COMMCIN / A T A H L E /  C M F r ( H O O 0 )  Z T l l D O O O A  
D I M E N S  ION A N G L E H  ( 4  I r A N G L E S ( 4  ) , C O S A  ( 4  1 Z T U D 0 0 0 9  
D I M E N S I O N  S I N A  ( 4  ) T I J N  ( 3  1 r l ! T  ( 3  1 Z T l J 1 1 0 0 1 0  
D I M F N S I O N  X P R I M  (10092 ) Z T 0 I) 0 0 1 1 
E Q U I V A L E N C E  ( A  , C M E ( 0 0 4 ) ) , ( A L T  ~ C M E ( O O ~ ) ) , ( A N G L E R T C M E ( O ~ ~ ) )  Z T I l D O O l 2  
E O U I V A L E N C E  ( A N G L E S I C M A ( ~ R ~ ) ) , ( H  r C M A ( 8 1 4 ) ) r ( E L F V  r C M A ( 7 9 q ) )  Z T U D 0 0 1 3  
E O I J I V A L E N C E  ( G M  , C M A ( 7 1 5 ) ) r ( I M O D E  * C ~ I H ( O ~ ~ ) ) , ( U B L A T J I C ~ A ( ~ ~ A ) )  Z T l J D 0 0 1 4  
E O U I V A L E N C E  ( O B L A T N I C M A ( R ~ ~ )  r ( R A D I I J S r C Y E ( 0 1 3 )  1 7  ( K E V I I L V T C ! ' ~ A ( ~ ~ ~ ) )  Z T U O 0 0 1 5  
E O U I V A L E N C E  ( R M A S S  , C f " l A ( 0 0 3 ) ) r ( S I N A  r C M A ( 7 9 ~ ) ) r ( T K T I M E ~ C M A ( 8 0 4 ) )  Z T U D 0 0 1 6  
E O I J I V A L E N C E  (UN r C M E ( 0 2 2 )  t ~ ( ( l T  r C M A ( 8 0 0 ) ) , ( V E L  ~ C P I " l f O 0 1 1 )  Z T U O 0 0 1 7  
E O I J I V A L E N C E  ( X P R I M  T C M A ( 0 0 1 )  1 Z T U 1100 18 
OOlJRLE P R E C I S I O N  X P R I M  Z T O D 0 0 1 9  
D A T A  R A D D E G /  57.2957795/ Z T l J D 0 0 2 0  
V E L l = V E L  Z T U D O O 2  1 
I F I I M O D E . N E . 0 )  G i l  T O  2 Z TLJDOO 22 
DO 1 I = 1 9 4  Z T U D 0 0 2  3 
Z T U D 0 0 2 4  
A N G L E S  ( 1) A N G L E R  ( 11 Z T U D 0 0 2  5 
A N G L E S  ( 2 ) Z T 1J DO0 26 
A N G  L E S ( 3 1 A N G L F B ( 3 )  < T U 0 0 0 2 7  
A N G L E S  ( 4 )  A N G L E R  ( 4  1 Z T U D 0 0 2 8  
Z T U D 0 0 2 9  
Z T O 0 0 0  30 
Z T U  D O 0  3 1 
S I N A ( I ) = S I N ( A N G L E H ( I ) / ~ A D D ~ G )  Z T U D 0 0 3 2  
3 C f l S A ( I ) = C O S ( A N G L E H ( I ) / R A U D F G )  Z T U D 0 0 3 3  
Z T U n 0 0 3 4  
C(1MPI ITE  X 9 Y . Z  C O M P O N E N T S  Z T U D 0 0 3 5  
X P R I M ~ h ~ l ~ ~ L ~ H L E ~ C U S A ~ 2 ~ + C O S n o * R A D I U S ~  Z T IJ D O  0 3 h 
X P R I ~ I ( 7 ~ 1 1 = D H L E ( S I N A ( 2 ) ~ C O S A ( 1 ) ~ 9 A D J l l S )  Z T l J D O O 3 7  
X P R I M (  A ?  1 ) = D B L E  ( S I A l A  ( 1 ) * R A D I O S  1 Z T U D 0 0 3 8  
I F  ( I M O D E . N E . 0 )  GO T O  4 Z T U D 0 0 3 9  
Z T U D 0 0 4 0  
S T O R E  N O R M A L  T O  A Z I M I I T H  P L A N E  A T  L A I J N C H  Z T U D 0 0 4 1  
U N ~ l ~ = S I N A ~ 2 ~ ~ C O S A ~ 3 ~ - C ( I S A ~ 2 ~ Q S I N A 0 9 S I N A ~ 3 ~  Z T IIC) 0 04 2 
I J N ( 2 ) = - S I N A ( 2 ) * S I N A ( l ) ~ ~ S I N A ( 3 ) - C O S A ( ~ ) s C ~ S A ( 3 )  Z T U D 0 0 4 3  
U N ( 3 ) = C O S A ( l ) * S I N A ( 3 )  Z T l J D 0 0 4 4  
Z T U D 0 0 4 5  
Z T U  D O 0 4 6  
S T O R E  I J N I T  V E C T O R  I N  T H E  L A U N C H  R A D I U S  D I R t C T I O N  Z T U D 0 0 4 7  
U T  ( 1 1 = C O S A  ( 2 1 *COS A ( 1 1 Z T U D 0 0 4 8  
IJT ( 2 1 = S  I N A  ( 2 1 W O S A  ( 1 1 Z T I J  L) 0 0 4 9 
I I T ( 3 ) = S I N A ( 1 )  Z T I J D 0 0 5 0  
Z T U D O O  5 1 
4 C O S 1  = COSA(l)*SINA(4)-COSA(4)*CnSA(3)*SINA(l) Z T 1J DO0 5 2 
Z T U D 0 0 5 3  
Z T I J  D O 0  5 4  
Z T O D 0 0 5 5  
2 T l J D 0 0 5 7  
Z TIJDOO 59  
N A ( 4 ) + C O S A (  1 ) * C O S A ( 3 ) * C O S A ( 4 ) )  ) Z T l l F ) 0 0 6 0  
Z T l J 0 0 0 h l  
Z T U  D O 0  62 
Z T U D 0 0 6 3  
A N G L E H  ( 2 ) 
1 A N G L E B ( I ) = A N G L E S ( I )  
2 DO 3 I = I T 4  
2 ) - C n S 2 * S I N A ( 2  ) - S N G L  ( X P K  I M (  77 1 )  ) * ' Z T l J D 0 0 5 6  
2 ) + C O S 2 = C O S A ( 2 ) ) + S N G L ( X P R I r u l ( h ~ l ) ) s Z T I J D 0 0 5 F 1  
16 1 





; c  























SUBROIJT  I N E  X O L O A D  Z X O L O O O l  
z x 0 L 0 0 0 2  
S I J R R O O T I N E  X O L O A D  D E T F R M I N E S  W H I C H  P H A S E S  A R t  T O  BE O P T I M I Z E D Z X O L 0 0 0 3  
I N T E R N A L L Y  B Y  T E R M I N A T I N G  A P H A S E  I N  T H k  C O A S T  S U B R C I U T I N E  A N D  Z X O L 0 O O 4  
W H I C H  P H A S E S  A R E  T O  R E  O P T I M I Z E D  E X T E R N A L L Y  B Y  I T E R A T I W  O N  T H E  Z X O L O O O 5  
P H A S E  D U R A T I O N  IN T H E  NEWTON-RAPHSON SCHEME.  Z X O L O O O h  
T H E  F I R S T  P A R T  O F  T H E  P R O B L E M  IS T O  D F T E R M I N E  1-HE E O I J A T I C N S  Z X O L O O O 7  
T O  H E  S A T I S F I E D  I N  ORDER T O  D E T E R M I N E  T H E  O P T I M A L L Y  P H A S E D  zxoLoo08  
VEHICLE. THFSE EOOATIONS A R E  OFTEN E V A L U A T E D  A T  T H E  INTFRMEIJIATE Z X ~ L O O O ~  
P H A S I N G  P O I N T S  A N D  X O L O A D  n E T E R M I N F S  WHERE T H E  E O I J A T I O N S  T O  z x o L o o l o  
D E T E R M I N E  O P T I M I J M  P H A S I N G  A R E  TO H E  F U I J N D  . A F T E R  T H I S  I S  z X O L O O  11 
D E T E R M I N E D ?  T H E  R O L J T I N E  P R O P E R L Y  A S S I G N S  SOMF E O I J A T I O N S  T O  R E  Z X O L 0 0 1 2  
S A T I S F I E D  B Y  C O A S T  A N D  O T H E R S  TO T H F  NEWTCJN-RAPHSON SCHEMF.  T H E  Z X O L 0 0 1 3  
NIJMBER L E F T  T O  T H E  NEWTON-RAPHSOM S C H E M E  D E T E R M I N E S  T H E  S I Z E  
O F  T H E  I T E R A T I O N  L O O P  R E Q U I R E D .  
I T E R P D  = 1 F I X E D  K I C K  A N G L F  
I T E R P D  = 0 O P T I M I Z F D  K I C K  A N G L E  
C O M P I I T F  C O N V F K S  I O N  F A C T O R  F O R  P R E S S I J R E  I N  ATMCiS 
C P A = 9 . 8 O h h  5 * C  ONI\I/C ON M**2 
P L A G E  P S I D O  I N  T H E  P E R T I J R H A T I O N  A R R A Y  ( X I ) )  
X O (  1,l) = P S  I D O  
I N I T I A L  I Z A T  I [ INS 
F I X D T K = 3  
J C O A S T  ( J  1 =O 
J F I N A L  ( J 1 = O  
F I J E L (  J ) = O . O  
DO 1 J = l r h  
DO 1 K = 1 9 5  
1 I D A T A ( J ? K ) = O  
F I X D T K  = 1 I M P L I E S  T H A T  T H F  K I C K  A N G L E  ( T K I C K )  ANI) T H E  B O O S T E R  
P H A S E  D I J R A T I C I N S  A R E  F I X E D  A N D  T H E N  O N L Y  ONE R f l l l S T F R  NFEO R F  R l l N .  
NC OT E = O  
I F ( I T F R P 11. tO 1 A N D  NO P T ( 1 ) tO .(I 1 F I X D T K = l  
z X O L  00 14 
Z X O L O O l 5  
Z X O L O O  16 
z xoL0017 
z XOLOO 19 
zxoLoo2o 
z X O L 0 0 2  1 
zxoLoo27 
z X n L  00 2 4 
Z X O L O O 2 5  
Z X O L O O 2 6  
z X l l L  00 2 7 
Z X O L 0 0 2 8  
2 XI1 L 002  9 
Z X O L O O 3 0  
Z X O L 0 0 3  1 
Z X O L O O 3 7  
Z X O L O 0 3 3  
z xoLoo34 
Z X O L O O 3 5  
Z X O L 0 0 3 h  
Z X O L O 0 3 7  
Z X O L O 0 3 8  
Z X O L 0 0 3 9  
zxoLoo4o 
Z X O L 0 0 4 1  
Z X 0 L 0042 
z xoL0043 
Z X O L 0 0 4 4  
Z X U L 0 0 4 5  
Z XOL 0046 
Z X O L O O 4 7  
Z X O L 0 0 4 R  
Z X O L O O 4 9  
Z X O L O O 5  1 
Z X @ L 0 0 5 2  
z x f l L 0 0 5 3  
z xoL0055 
z x m o o  1 A 
z X O L O O ~ ~  
z X O L O O ~ O  
Z X O L O O ~ ~  
N O P T A = O  z x O L 0 0 5 h  
I TERAD=/?  Z X O L O O 5 7  
I T E R = O  Z X O L O O 5 8  
K A = 2  z x o L O 0 5 9  
C Z X O L O O 6 O  
C D E T E R M I N E  N U M B E R  O F  P H A S E S  A N D  S E T  L A S T  T O  T H A T  NIJMBER. Z X O L O O 6 1  
DO 2 L A S T = l r 6  Z X O L O O 6 2  
2 I F ( T R ( L A S T + l ) . E O . O . O )  GO T O  3 Z X O L O O 6 3  
C Z X O L O O 6 4  
C Z X O L O O 6 5  
C D E T E R M I N E  T H E  NUMHER OF C R I T E R I A  ( F I X E D  T I M E  A N D  E Q U A T I O N S )  , Z X O L O O 6 6  
C A V A I L A B L E  F O R  T € R M I N A T I h G  E A C H  P H A S E .  A L S O  ! ) E T E R M I N E  WHETHER A Z X O L O O 6 7  
C P H A S E  I S  POWERED. N O T E  T H A T  O N E  EOIJPTOM I S  EXCLLJOED F O R  T H E  Z X O L O O 6 8  
C F I R S T  ( I P T I M I Z E D  P H A S E .  Z X O L O O 6 9  
C J = 2 R E F E R S  T O  F I R S T  I J P P E R  P H A S E  Z X O L O O 7 0  
3 DO 6 J = l t L A S T  Z X O L O O 7 1  
C Z X O L O O ~ ~  
C I F  P H A S E  I S  I JNPOWERED? P O T  1 I N  I D A T A ( J v 5 ) .  Z X O L O O ~ ~  
I F ( T H R I J S T ( J ) . E O . O . O )  I D A T A ( J t 5 ) = 1  Z X O L O O 7 4  
C Z X O L O O 7 5  
I F ( N O P T ( J ) . N E . O )  G I )  T O  4 Z X O L O O 7 6  
C Z X O L O O 7 7  
C I F  P H A S E  D I J R A T I O N  I S  F I X E O ?  P l J T  1 I N  I D A T A ( J 9 1 )  Z X O L O O 7 8  
I D A T A ( J , ~ ) = ~  Z X O L O O 7 9  
C , Z X O L O O 8 O  
GO T O  h z X O L O O 8 1  
C Z X O L O O 8 2  
C S E T  N O P T A  EQIJAL  T O  F I R S T  O P T I M I Z E D  P H A S E  Z X O L O O 8 3  
4 I F ( N f l P T A . E O . 0 )  N f l P T A = J  Z X O L 0 0 8 4  
C Z X O L O O 8 5  
I F ( I \ I O P T A . E O , J )  GO T O  6 Z X O L 0 0 8 h  
I F ( P R O P ( J ) . E O . O , O )  GO T o  5 Z X O L O O 8 7  
C Z X O L O O 8 8  
C I F  P H A S E  J IS O P T I M I Z E D  A N D  I T  I S  N O T  T H E  F I R S T  O P T I M I Z E D  P H A S E  Z X O L O O 8 9  
C A N D  T H E  P R O P E L L A N T  F R A C T I O N  IS N O T  EOlJAL  1 0  ZERO,  S E T  I D A T A ( J y 2 ) = 1 Z X O L 0 0 9 0  
I D A T A ( J 9 2 ) = 1  z x ~ L 0 0 9 1  
C z X O L O O 9 2  
GO T O  6 z X f l L O O Y 3  
C Z X O L O O 9 4  
C I F  P H A S E  J I S  O P T I M I Z E D  A N D  I T  I S  N O T  T H E  F I R S T  O P T I M I Z E D  P H A S E  Z X O L O O 9 5  
C A N D  T H E  P R O P E L L A N T  F R A C T I O N  I S  E Q U A L  TO Z E R O 9  S E T  I D A T A ( J - 1 , 3 ) = 1  Z X O L O O 9 6  
5 I D A T A ( J - l , 3 ) = 1  Z X O L 0 0 9 7  
6 C O N T I N U E  Z X O L O O 9 8  
DO 7 J = l r L A S T  Z X O L O O 9 9  
7 I D A T A ( J ~ ~ ) = I D A T A ( J ~ ~ ) + I D A T A ( J , ~ ) + I D A T A ( J T ~ )  Z X O L O l O O  
C z X O L O l O l  
C z X O L  0 10 2 
I F ( I D A T A ( l r l ) . E Q . l )  GO T O  10 z xoL0103 
I F ( I O A T A ( l ? 3 ) . E O . l )  GO TO R z X O L O  104 
I T E R = l  Z X O L O 1 0 5  
X O ( l r 3 ) = T R ( l )  Z X O L O 1 0 6  
N T R (  l l = 1  z x n ~ o  i o 7  
C Z X O L O l  OB 
GO T O  10 Z X O L 0 1 0 9  
8 I F ( I T E R P D . E O , O )  GO T O  9 Z X O L O l 1 0  
C Z X O L O l l l  
C P L A C E  B O O S T E R  D U R A T I O N  I N  E X T E R N A L  I T E R A T I O N .  T H E  P R O P E L L A N T  Z X O L O l l 2  
c, S E N S I T I V E  F R A C T I O N  F O R  T H E  SECOh!D P H A S E  I S  NUN-ZERO.  S E T  I T F R A D  Z X O L 0 1 1 3  
C TO 3 S U C H  T H A T  P S I n  I S  C H O S E N  I J T I L I Z I N G  E O U A T I I I N  R 9  A N D  810 F R O M  Z X O L 0 1 1 4  
C P A Y L O A D  O P T I t 4 1 Z A I C ~ N  O F  M I J L T I S T A G E  V f P I C L F S  ( N P S A  T N - 3 1 9 1 ) .  T H E  Z X O L O 1 1 5  
163 
I I I I I I ll11111ll I II 111111111 I1 111 I 'I 
C K I C K  A N G L E  I S  F I X F D .  Z X O L O L  16 
X O ( l r 2 ) = T H ( 1 )  Z X O L O 1 1 7  
N T H (  1 )=1 Z X U L O l l R  
K A = l  Z X O L O l l 9  
I T E R = 1  Z X O L O l 2 O  
I T E K A D = 3  Z X O L O l 2  1 
C z X U L  0 122 
GO T U  12  Z X O L O 1 2 3  
C Z X O L O 1 2 4  
C K I C K  A N G L E  I S  P L A C E D  I N  I T E R A T I O N  ( S T A T E M E N T  1 1 ) .  T H E  RUCISTER Z X O L O 1 2 5  
C D l J R A T I O N  I S  D E T E R M I N E D  I N  S T A R T  l J S I N G  T H E  M E T H O D  U N D E R  814 O N  Z X O L O 1 2 6  
C P A G E  40 I IF T H E  A B O V E  M E N T I O N E D  R E P O R T .  Z X O L O 1 2 7  
9 I T E R A D = l  Z X O L O l 2 8  
C Z X O L O 1 2 9  
G O  TI1 1 1  Z X O L O l 3 0  
10 I F ( 1 T E R P D . E O . O )  G O  T U  11 Z X O L 0 1 3 1  
C z X O L O l 3 2  
C Z X O L O  133 
C P L A C E  P S I 0  I N  T H E  E X T E R N A L  I T E R A T I O N .  z xo L 0 1 3 4 
xc) ( 1 , 2  = ps I o z X O L O  135  
C z X O L O l 3 h  
GO T O  12 z X O L O  137 
C Z X O L O  138  
C P L A C E  K I C K  A N G L E  ( T K I C K )  I N  T H F  P E R T I I R R A T I U N  A R R A Y  ( X O )  Z X O L O 1 3 9  
11 X O ( 1 , 2 ) = T K I C K  Z X O L O 1 4 0  
C Z X O L O 1 4 1  
C I F  O N L Y  TWO P H A S E S  A K F  C O Q S I D E R F D t  T H F N  T H F  N E X T  S E C T I O N  MAY HE Z X O L O l . 4 2  
C S K I P P F I ) .  z x O L 0 1 4 3  
1 2  I F ( L A S T . E n . 7 )  G l i  T O  14 Z X O L O 1 4 4  
C Z X O L O 1 4 5  
DO 13 J = 2 r L A S T l  z X O L  0 147 
L A S T l z L A S T - 1  Z XOL 0 1 46 
C Z X O L O 1 4 8  
C I F  I D A T A ( J t 4 )  I S  N O T  EOIJAL  T O  Z F R O  A N D  T H E  J T H .  P H A S F  I S  h O T  F I X E D Z X O L 0 1 4 9  
C T H E N  A N  I N T E R N A L  U P T I M I Z A T I U N  E O l J A T I D I \ I  E X I S T S  A N D  T H E  P H A S F  Z X O L O l 5 0  
C I ) ( J R A T I O N  MAY BE D E T F R M I N E D  I N  C O A S T  ( S F E  C O A S T ) .  O T H E R W I S F t  Z X O L O 1 5 1  
C P H A S E  D l l R A T I O N  M I I S T  H F  A P A R T  [ I F  T H E  f X l t R N A L  I T F R A T I O N .  Z X O L O 1 5 2  
I F (  T D A T A ( J t 4 ) . I \ l E . U )  G(J T U  13 z X O L O l 5 3  
C Z X O L O l 5 4  
c P L A C E  T H O S E  P H A S E  D O R A T I O N S  W H I C H  MAY N O T  R E  T E R M I N A T F D  Z X O L O l 5 5  
C I N T E R N A L L Y  I N  T H E  F X T E R N A L  I l E R A T I O h ! .  z X O L 0 1 5 h  
I T E R = I T E K + l  Z X O L O l 5 7  
K = I T t K + K A  Z X O L 0 1 5 8  
X O (  l , K ) = T R (  J )  Z X O L O l 5 9  
N T H (  I T E R ) = J  Z X O L O  160 
13  C U V T I N U E  Z X O L O  161 
C Z X O L O l 6 2  
C Z X O L O 1 6 3  
C A T  SOME P H A S I N G  P O I N T S  TWO E Q U A T I O N S  M O S T  BF  S A T I S F I E D .  WHEN T H I S Z X O L 0 1 6 4  
C T H E S E  F O I J A T I I N S  ANI )  T H F  O T H F R  M l l S T  H F  S A T I S F I E I )  A S  ONE OF T H f  F I N A L Z X O L 0 1 6 6  
C COIUD I T I ONS. Z X f l L O l 6 7  
C T H E  J F I N A L ( J )  A N D  . J C I I A S T ( J )  A R F  F L A G S  F n 4  IJSE I N  F I N A L  AND C O A S T  Z X O L O 1 6 8  
C E N A B L I N G  T H E M  T i )  E V A L l J A T F  T H E  P E O P E R  E'Ol1ATIL)N.  Z X O L O 1 6 9  
14 1)Cl 2 1  J = l r L A S T  Z X O L O 1 7 0  
I F ( I D A T A ( J t 4 ) - 1 )  2 1 t 1 5 t l . H  Z X O L O ~ ~ ~  
1 5  I I - ( I I ) A T A ( J ~ I ) . E O . l )  GO TO 2 1  Z X O L O 1 7 2  
16 I F ( I I ) A T A ( J r 2 ) . E O . 1 )  GO T O  17  Z X O L O 1 7 3  
J C O P S T  ( .I 1 =7 Z X O L O l 7 4  
GO T O  71 Z X O L O 1 7 5  
c O C C l J R S t  T H E  P H A S I N G  P O I N T  M A Y  H F  D E T F R N I N k l )  I ' U T E K N A L L Y  ' d I T H  ONE O F Z X O L O 1 6 5  
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17 J C O A S T  ( J  1 = 1  
G O  T O  2 1  
J F I M A L  ( J 1 =2 
GO T O  2 0  
19 J F I N A L ( J ) = l  
2 1 C O N T  I N I J E  
1 R  I F ( I D A T A ( J 7 3 ) . F O . l )  GO TO 19 
2 0  I F ( I D A T A ( J T ~ ) . F O . O )  GCl T O  16 
C 
c I F  T H E R E  I S  N O  E O I J A T I I J N  T U  T E R M I N A T E  T H E  L A S T  P H A S E 7  T H E  L A S T  
C P H A S E  I S  T F R M I N A T E D  A T  T H E  P R O P E R  E N E R G Y  ( N C I I T E  = 1 )  
I F ( I D A T A ( L O S T 7 4 ) . E O . O )  N C l I T F = l  
C I F  T H E  O P T I M l J M  P S I 0  I S  F O l J N D  I N  S T A R T 7  T H F  I T E R A T I C I N  L O O P  S I Z E  
C ( I T E R P )  IS D E C R E A S E D  B Y  ONE. 
I T E R P = I T E R  
I F ( I T E R A D . E O . 3 )  I T F K P = I T E R P - l  
I F ( N F I N A L . N E . 1 )  GO T O  2 3  
C 
2 2  I F ( E N E R G Y . N E . O . 0 )  GO T O  2 3  
C 
C C A L C I I L A T E  E N E R G Y  
C F Y D ( 1 )  R A O I U S  
C F Y 1 ) ( 2 )  R A D I A L  V F L O C I T Y  
C F Y O ( 3 )  A N G l l L A R  V E L O C I T Y  
C 
E N E R G Y z ( F Y D ( 2  ) * * 2 + F Y D ( 3 ) 8 * 2 * F Y D (  1 )+?*2 ) / 2 . 0 - F M / F Y U (  1 )  
2 3  I F ( J C O A S T ( L A S T ) . N E . l )  R E T U R N  
J C O A S T ( L A S T ) = O  
J F I N A L ( L A S T ) = 2  
N C l J T  E = 1 
R E T I I R N  
E N D  
F U N C T I O N  Z M I N  ( PERMIN) 
C 
C F U N C T I U N  Z M I N  C O M P U T E S  A N Y  V A R I A H L E  Z M I N  SIJCH T H A T  Z M I N  
C E O l J A L S  T H E  S M A L L E S T  M E M B E R  O F  T H E  F I R S T  N CIEMBERS O F  T H E  
C P E R M  ARRAY.  
C 
D I M E N S I O N  P E R M ( 6 ) 7 T E M P ( h )  
DO 1 J = I t N  
1 T E M P ( J ) = P E R M ( J )  
Do  2 J = ~ T N  
~ IF(TEMP(J-l).GE.TEMP(JI) GO T O  2 
T E M P ( J ) = T E M P ( J - l )  
2 C O N T I N U E  
Z M I N = T E M P ( N )  
R E T I J R N  
END 
Z X O L O l 7 6  
Z X O L O l 7 7  
z x n ~ o i  78 
z ~ 0 ~ 0 1 7 9  
Z X O L O l R O  
z X O L O l  81 
Z X O L O 1 8 2  
z XCl L O  1 8 4  
I X O L O l  H 5  
Z X O L O l R 7  
Z X O L O l 8 8  
Z X O L O 1 8 9  
Z X O L O 1 9 0  
Z X O L O 1 9 1  
z X O L  0 192  
z X O L O  193 
2 X II L 0 1 9 4 
Z X U L O l 9 5  
Z X O L 0 1 9 6  
z X O L O l 9 7  
Z X O L O 1 9 8  
z X O L O  199 
Z X O L O 2 0 0  
z X O L 0 2 0 1  
Z X O L O 2 0 3  
7. X O L  0 2 04 
Z X O L O 2 0 5  
Z X O L 0 2 0 h  
z xoL0207  
Z X O L 0 2 O R  
z x n ~ o i 8 3  
Z x n L o i R h  
Z X O L O ~ O ~  
Z Z M  I0001 
Z Z M  I0002 
Z Z M  I0003 
Z ZM I0004 
Z Z M  I 0 0 0 5  
7. ZM 10006 
Z Z M  I 0 0 0 7  
Z Z M  I0008 
Z Z M  10009 
Z Z M I  0010 
Z Z M I O O l l  
Z Z M I 0 0 1 2  
Z Z  M I O 0  13 
Z Z M I 0 0 1 4  
Z Z M  I 0 0 1  5 
Z Z M I O O l h  
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